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SUITCASE SYSTEM 


Slide a PM-2 Power Supply on the 
back of your KWM-2 and put them 
into a CC-2 Carrying Case, Slip 
the 30L-1 Linear Amplifier into 
another CC-2 and you're DXpe- 
dited. Plug in the antenna, micro¬ 
phone, and three patch cords and 


you are on the air—anywhere — 
with a Collins quality kilowatt 
system. 

COMMUNICATION / COMPUTATION I CONTROL 
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The Classic 


LOOK FOR THE 
CLASSIC 36 
at the SSB Show 
March 25, 1969 


■Pat. No. 3419872 


Mmm/a y TRAP 


With 'Patent Approved' Classic Feed System' 

You've been hearing about the Classic Feed System and 
its phenomenal success in three*element configur¬ 
ations. Now—in response to repeated requests—this 
revolutionary new matching system. Balanced Capacitive 
Matching, has been incorporated into the original six- 
element configuration of DX-praven TA-36 to create the 
new Classic 36. This tri-band beam, rated for maximum 
legal power onlG, 15, and 20 meters, features the Classic 
coax-fed balanced element for more efficient beam per¬ 
formance, increased bandwidth, and maximum gain. 

As the latest addition to the world-famous Mosley Trap- 
Master line of amateur antennas, the Classic 36 offers: 
frequently-imitated , never-improved-upon Mosley Trap - 
Master Traps; automatic bandswitching hy means of 
exclusively designed* high-impedance parallel resonant 
Trap Circuits; weather* tested I rap* Mas ter construction* 

Satisfied TA-36 owners can convert their beams to the 
Classic 36 with new Conversion Kit (Model TA36/CL36), 

The Mosley name is your guarantee: Mosley builds quality 
antennas and stands behind them. Write factory 
direct for complete specifications and performance data, 

including VSWR curves and gain figures. 


Dept. 181B 


(S^ctf&ruoA, Jkc 


4610 N. LINDBE RGh BLVO,, BRIDGETON MO. 63C4Z 
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Some comments from 
warranty cards 
by owners of 


"The TR-4 is the best rig I have ever 
Mown to be made. Glad to own one," 

Dan Tangorra, WA7FWH 
Tacoma, Wash. 

"Finally got what I wanted!" 

Ronald £♦ Lyons, WB2BQX 
Gakhurst, N. J, 

"A superb piece of equipment, no 
comments necessary* 

C. G, Noakes, G3UHR/V02 
Labrador City, Newfoundland 

"Great rig—First contact was an 0N5 
In Belgium." 

Bill Busse, WA9TUM 
Mt, Prospect, Ml. 

"Best gear I have had the pleasure of 
working with, Receiver is exception' 
ally sharp and stable." 

Albert V. Mitchell, WA9BUP 
Jeffersonville, Ind. 

"Nothing to comment, eicept that my 
TIM is a real jewel, and I am very 
satisfied with it I would like to re¬ 
ceive the catalogue of your products." 

Joe Brar Ribeiro, RY4UK 
Monte Carmelo (MG) Brazil 

"A very F.B, piece of equipment Audio 
very nice, especially on SSS, which is 
rare," 

Thomas F r Totten* Jr. WB2GZR 
Saratoga Springs, N. Y, 



"Running It with a Mosley "Classic 1 ' 
beam and prom a most fine and nice 
transceiver. Really proud of It" 

Orlando Escudero 0.. CE-3-0E 
Santiago, Chile 

"Looks good-sounds good-very well 
pleased with performance," 

Wayne M, Sorenson, WA0ETL 
St. Paul. Minn. 

"Have had Drake 2 8 for three years. 
Knew that TfM was same Good Stuff." 

Charles E, Bishop, WA8FTT 
Columbus, Ohio 

"Just what I always wanted," 

Daniel N. Hamilton, WA4WXQ 
Ashland, Va. 

"Why not build a good E Meter SSB & 
AM Transceiver , * * hurry up* I'm 
waiting." 

Harold A. Zick, WA9IPZ 
Creve Coeur, III. 

"Excellent equipment." 

W. T. Newell, WBGUZU 
Palm Springs, Calif, 

"O K, too * 100, RV 4: O.K./W -43 0,K./ 
L 4: 0,K. Very Good!" 

Franscisco fau Campmany, TI-2-FAU 
San Jose de Costa Rica 

"A beautiful piece of equipment. My 
second piece of Drake. The first was 
a 2-B and this sold one friend an R-4 
receiver and another a TR-4, We are 
Drake-minded here In town. Many 


"I'm sure this, like the other Drake 
equipment ! have, is the finest money 
can buy. YOU MAY QUOTE Ml ON 
THAT," 

C, £. (Edt Duncan, WA4BRU 
Greenville, S. C. 

"Pm a real happy man with it Does a 
real good fob of getting thru." 

Jerome D, Lasher, W2RHL 
Hamburg, IV. ¥, 

"Replaces my TH-3." 

0, G. Reekie, VE 6 AES 
Calgary Alberta Canada 

"Finest performing gear I have ever 
had the pleasure of operating," 

Milton C. Carter, W2TRF 
Lakewood, N, J, 

"PS Several months have passed * , . 
t now employ TR-4 as mobile unit and 
base station, I have logged more than 
1000 contacts* many being rare OX. 1 
am looking forward to owning a second 
unit to be used strictly for mobile, 
To date TR 4 has been trouble-free." 

Milton C. Carter. W2TRF 
Lakewood, N, J. 

"Well pleased." 

Rev. James Mohn, W3CKD 
Utitz, Pa, 

"I am delighted with Drake gear. This 
is the second of your transceivers for 
me. I have used a TR-3 in my car for 
about 7V2 years - only trouble: replac¬ 
ing a fuse!" 

Guy N, Woods, WA4KGN 
Memphis, Term. 


thanks." 

Charles E. Bosthen Jr., WA4WXR 

Ashland, Va, 

“Ask fhe ham who owns a Dra\e TR-4” 

* *, or write for details . *. 


Dept. 458 R. L. DRAKE COMPANY 540 Richard SL, Miamisburg, Ohio 45342 
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a second look 
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How many times in the last twelve months 
have you heard somebody comment to the 
effect that the days of creative basement 
and backyard engineering were over? With 
lasers, Gunn oscillators, fancy semiconduc¬ 
tors and all the other esoteric paraphernalia 
that is announced every day by the scien¬ 
tific community, l would tend to agree . But 
occasionally there is a glimmer of hope— 
within the last two weeks I have heard of 
two cases where amateurs have made im¬ 
portant contributions to the rest of the elec¬ 
tronics WGrld. 

The first item concerns a Canadian, Syd 
Horne, VE3EGO, and an engineer friend, 
Doug Watson. Syd became interested in 
slow-scan television several years ago and 
was at the North American end of the first 
trans-Atlantic slow-scan television link. After 
experimenting with equipment originally 
designed by WA0NLQ, Syd recognized some 
of its limitations. Slow-scan requires eight 
seconds per frame, so any adjustments the 
operator makes in focus, brightness or con¬ 
trast are difficult because it takes eight sec¬ 
onds to see the results; also, slow-scan 
vidicons are expensive. Doug Watson, after 
some prodding from Syd, came up with a 
solid-state camera and monitor which uses a 
fast-scan vidicon with sampling techniques 
to provide a slow-scan output. With this 
system, any adjustments are immediately 
visible and pictures are brighter and of high¬ 
er quality. 

The other development 1 heard of re¬ 
cently involves a new family of antennas 


that have performance characteristics that 
are pretty extraordinary—simple construc¬ 
tion, switchable vertical or horizontal polari¬ 
zation, wideband and apparently, equal-to- 
rotary-beam performance. These antennas 
are the invention of George Bonadio, 
W2WLR, and are the result of backyard en¬ 
gineering work going back to 1953. At that 
time he was using a Windom antenna and 
wanted to broadband it. He took two Win- 
doms, put them back to back, flared out the 
ends for broadbandedness, and found they 
presented a very broad reactance curve. 

Experiments with different feeds, antenna 
tuners and element arrangements resulted 
in a family of four antennas with perform¬ 
ance characteristics that apparently cannot 
be explained with the normal rules. A patent 
has been issued for the first antenna—the 
square-diagonal—and patents are pending 
on two and applied for on the last. 

Some details of these exciting new anten¬ 
nas will be featured in next month's issue of 
ham radio along with the new sampling sstv 
camera and monitor from Canada. Although 
the slow-scan equipment was not complete¬ 
ly amateur developed, since most of the 
design work was done in an industrial R & D 
lab, much of the ground work and certainly 
the concept stemmed from amateur slow- 
scan work. On the other hand, the family of 
Bonadio antennas was completely amateur 
conceived and amateur developed. 

Jim Fisk, W1DTY 
Editor 
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The MCI-2000 is desk top dynamite in the form of 
a 2000-Watt 5-band linear amplifier. If you want 
high efficiency, superb linearity, operator-oriented 
design, and contest-winning punch in a pile-up, the 
NCL-2000 is your kind of linear. NRG I reliability 
engineering also assures that there's no need to 
retune with every frequency shift, I urn on the legal 
limit in this beautiful package. 

□ Frequency Range: 80, 40, 20, 15 and 10 meter 
bands, with significant band edge overlap for MARS 
service. □ Input Power: SSB — 1000 Watts aver¬ 
age* 2000 Watts PEP, AM, CW, RTTY — 1000 Watts. 

□ Output Power: SSB — 1300 Watts PEP minimum 


on ail bands, AM — 300 Watts minimum. CW, RTTY 
— 600 Watts minimum. [ Drive Requirements: 20 
to 200 Watts, PEP adjustable □ Output Impedance: 
40 to 60 Ohms (minimum), n Power Supply: Built-in* 
solid-state design, 115 V A C. or 230 VAC, Draws 15 
amperes maximum at 230V. □ Tubes and Semicon¬ 
ductors: Two 8122 ceramic tetrode output tubes, 
plus 13 semiconductors. □ Fully metered, safety 
engineered, 

PLUS: ALC provisions, internal dummy exciter load, 
full-access front and rear panel design, and time de¬ 
day, plate overload, plate power and antenna relays. 

AMATEUR NET PRICE: $685.00 



See your favorite defter, or write directly to factory for complete specifications, and description, 

NATIONAL RADIO COMPANY, INC. 


NRCI 37 W a s h < n gt □ n St reetMelroso. Ma 5 s. 02176 


Telephone: (617) 662 7700 TWX; 617-665-5032 


International Marketing through: Ad, Auriema. Int„ 85 Broad Street. New York, New York 10004 

1969, National Radio Company, Fnc 
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The input 
matching network 
and plate circuit 
are unique in this 
strip-line amplifier- 
self neutralization 
is also featured 
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This article describes the design of a 150' 
MHz, 2000-watt PEP input, grounded-grid 
(inear amplifier. t built this amplifier to 
conduct life tests and determine the per- 
forma nee characteristics ot the new Eimac 
3CXI000A7 high-mu ceramic triode at 150 
MHz. Many of the design techniques and 
performance figures at 150 MHz will be of 
interest to the serious vhf and uhf expert 
men ter By changing the cathode match¬ 
ing network and the plate line length, this 
amplifier would be excellent for the 144-140 
MHz band. 

Several propagation modes, in which the 
maximum legal input power can be justi¬ 
fied, are possible tn the two-meter hand 
Meteor scatter, moon bounce, forward scat¬ 
ter and tropospheric bonding are but a 
lew. 

Running the full, legal one-kilowatt aver- 


Amplifier with the access doer open; 
the 3CX1000A7 can be seen mounted 
m (he piete line. 
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age power input to the final amplifier in 
the cw and ssb mode has been fairly easy 
in the region between 2 and 30 MHz with 
the large selection of power tubes and cir¬ 
cuits available. At these frequencies, many 
small tubes can be paralleled to develop 


also use four such tubes to develop an 
average plate input power of 1 kW for ssb 
radiotelephone service, with reasonably 
low intermediation distortion. A single 
4CX1000K can be used to give 1 kW aver- 
age input power, under voice conditions. 



Top view of the amplifier with the shield removed. The variable tuning capacitor oft the left was changed Ip 
the final model to ft fixed capacitor. The output coupler coax may bo soon protruding from the back pnneL 


power-handling capability. At 144 MHz, 
however, tubes that will handle l-kiv aver¬ 
age power wiih good efficiency, stability 
and reliability are few, and large arrays 
of television sweep tubes are impractical 

choice of tubes 

Many successful amateur designs have 
been built for 144-MHz, 1-kW continuous 
duty (single-lone) using the 4X150A, 
4CX250A and 4CX300A tetrodes. General¬ 
ly, two lubes are used in push-pull. You can 


m a 144-MHz amplifier 1 with good efficency. 
stability and low drive. 

Many popular high-frequency amplifiers, 
using zero-bias glass triodes such as the 
3-40OZ, 3-5GOZ, and 3-100QZ, are now being 
used in grounded grid. The 3-40OZ and 3- 
10002 have been used successfully in 150- 
MHz grounded-grid amplifiers, but neutral¬ 
ization is difficult.- The 3CX1000A7, a zero- 
bras. ceramic, high-mu inode is now avail¬ 
able, which simplifies these problems. It is 
well-suited for vhf. 
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The 3CX1000A7 is electrically similar to 
the 3-1000Z. The amplifier described in the 
following paragraphs uses this metal-ce¬ 
ramic tube in a circuit for 150 MHz, and 
it has all the advantages of zero bias and 
grounded grid. Bias and screen-voltage 



CHARACTERISTIC IMPEDANCE (Zo) 
CAPACITIVE REACTANCE (Xc) 


fig. 1. Frequency dependence of tuned transmission¬ 
line segments as compared to an LC circuit. Zo is 
the characteristic impedance of the line and Xc is 
the capacitive reactance acting on the sending end 
of the line. 


supplies aren't required. Stage gain is 
high, and neutralization is simple and ef¬ 
fective. 

the plate circuit 

The choice of the plate circuit is impor¬ 
tant in the design of a vhf amplifier. I used 
a strip-line amplifier because it requires 
less machining. 3 A brake, shear and drill 
are ail that are required. These tools are 


found in any well-equipped metal shop. 
You could do the job yourself with a hack¬ 
saw, file, drill and some perseverance. 

The plate tank has a characteristic im¬ 
pedance, Z 0 , of 60 ohms. The higher the 
impedance of this part of the circuit, the 
less will be the Q in the line; consequently, 
you will have a greater bandwidth. A 
wide bandwith isn't necessary to pass the 
modulation frequencies, but it is desirable 
if you want to eliminate a trimming de¬ 
vice. A large amount of heat must be dis¬ 
sipated by the plate circuit, and if the 
circuit Q is low, the tank circuit will not 
detune as rapidly as it would with a high-Q 
circuit. 

There's a practical limit as to how high 
you can make the plate strip-line imped¬ 
ance. Tube output capacity, plus strays, 
will limit the impedance and length of 
plate line: 

X c = Z 0 tan L 

where: 

X c = tube output reactance. 

Z 0 = characteristic impedance of plate line. 

L = line length in electrical degrees. 

For a quarter-wave line, Z 0 /X c = 2 is ade¬ 
quate (fig. 1). 

The plate strip-line is also useful for 
making a sandwich-type blocking capac- 


G, L/ 


-*o-- 

- 

►— 1 

-nrnn—-Ot- 

>R t *50 ohms 


4 

Rg * 42 ohms * 

-«»o- 

-_( 

>- 

-------—--— 


R, > R z 


X u • 0 L Rg 

R a (of* i) t 

02 I-(Xc,A3 l R,) 

Q l * LOADED Q Of NETWORK 

fig. 2. The schematic and equations used to calcu¬ 
late the input matching network. For this amplifier, 
R1 = 50 ohms, R2 = 42 ohms end assigned loaded 
Q is 2. 
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itor. In this strip !me assembly, a 10-mil- 
thick piece of Isonika was used for ihe 
dielectric. Mylar or teflon could be substi¬ 
tuted with good results. 

Outpui coupling is by a sliding contact 
on the inside surface of the plate line. As 
the sliding contact moves toward the 
anode, the area of the pickup loop in¬ 
creases, thereby increasing the coupling. 

the input circuit 

The input, or cathode tuned circuit, is a 
T network designed to match a 50-ohm 
coaxial line to the 42-ohm cathode driv¬ 
ing impedance of the 3CXI000A7 ifig. 21 1 

The EIMAC SK-870 socket mounts direct¬ 
ly on the chassis with the control grid nin¬ 


th* input matching network in rela¬ 
tion to the tube socket tt the input 
coei tine. The coil between the 
locket end the veritihle capacitor 
assembly ii LI. The coil in the lower 
left-hand corner is the brfilar filament 
choke. 



tacts in contact with the chassis; that is, 
the control grid is at dc ground. The grid 
current is metered in the cathode return 
lead. The SK-870 socket is modified, as de¬ 
scribed later, to accomplish neutralization. 

The driving impedance of the 3CX1000A7, 
in grounded-grid operation, is 42 ohms in 

fig. 3, Block diagram of Ihe test set¬ 
up to determine the self-neutralizing 
frequency of the 3C XI GOO A 7 trtode and 
SK870 socket. 



parallel with about 20 pF of input capac¬ 
itance. In order to simplify the design of the 
input circuit, it is assumed that the input 
to the 3CX1GOOA7 is resistive only. By mak¬ 
ing the matching network components vari¬ 
able, it's possible to resonate the input net¬ 
work, including the 20 pF of tube capac¬ 
itance, while accomplishing the desired 
match. 

Fig. 2 shows the matching network and 
the design equations used. Under full 
plate-current load, the input match is ad¬ 
justed to a 1:1 vswf, because only under 
full-bad conditions will the tube input re¬ 
sistance be at the design value of 42 ohms. 
It's possible, however, to adjust the input 
network without the amplifier operating. 
Measure the resistance of a good-grade 
42-ohm carbon resistor on an impedance 
bridge, then place the resistor between 
grid and cathode. The filament and all 
other voltages on the 3CX1000A7 must be 
off for this adjustment. A small amount of 
drive is applied through a standing-wave 
bridge. The input network is then adjusted 
for a 1:1 vswr at the operating frequency. 

The "cold" adjustment won't be exactly 
correct, but the technique does allow the 
network to be tested and closely adjusted 
before application of power. The final ad¬ 
justment is done with all voltages applied 
to the amplifier and tube with the 42-ohm 
carbon resistor removed. 
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cathode signal 


self-neutralizing frequency 

The 3CX1DOOA7 and 5K-870 were tested 
in a special lest fixture that treats the tube 
and socket as a four-terminal network. 
The a nude was driven by a high power 
signal generator The feedthrough signal 
was then detected on the cathode [see 
fig. 3), The control grid was grounded dur¬ 


Tho Eimac SK&70 socket. The sin 
18-inch metal spacers must be re¬ 
moved 1o neutrelii# the amplifier. 



ing this test, A curve was then plotted 
showing the relative magnitude of the 
feedthrough signal as a function of the 
signal genera (or frequency. 

The radio-frequency signal amplitude on 
the anode must he kept the same at all 
frequencies. A frequency will he found at 
which there is a minimum feedlhrough sig¬ 
nal; (his point is called I he self-neutraliz- 
ing frequency id the lube and socket (fig. 
4). The frequency thus obtained may be 
used as a guide in (be design of a neu¬ 
tralizing circuit for the amplifier 

The graph of fig. 4 indicates a self- 
neulralizing frequency of 105 MHz; (his is 
lower than the operating frequency 1150 
MHz). The amplifier was unstable at 150 
MHz before neutralization was applied. 
To raise the self-neutralizing frequency 
closer to 150 MHz. it was decided to lower 
the control-grid lead inductance. The SK- 
870 socket was modified by removing the 
six grounding spacers (see photo). These 
are metal spacers approximately 1/8-inth 
lhick on each of the six SK-870 mounting 
screws. This modification allows the socket 
to be mounted 1/8-inch closer to the 
chassis 

The self-neutralization curve was again 
run with the same fixture and this modified 


fig. 4, Relative In put-to-output circuit isola¬ 
tion am a function of frequency before tbs 
socket modification. The solf-ncLitralmng fre¬ 
quency It )ust below 185 MHr. 


fig. 5, Relative in put-to-output circuit isolation 
as a function of frequency after the socket 
modification. The **tf-neulralteetUm frequency 
hat moved up to 136 MHr, 
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Cl 11J pF (see matching network photo) 

C2 1.06 pF (see matching network photo) 

C3 1500 pF. Three 500-pF, GGO-V alud-mounted 

button micas, spaced uniformly around the 
filament ring 

LI 0,083 pH. 3 tumi no. 14 wire, 1/16" diame¬ 

ter, 5/8" long 


RFCf t 2 10 turns no. 16 tinned. 0.650" OD t 1-1/2" 
long 

RFC3 bifiler coil no. 10 wire, each coil 5 turns, 
3/4" ID, 1-5/S" long 

Tt 5 V, 33 ampere filament transformer 


socket. Fig* 5 shows the results: the sclf- 
neutralization frequency has now been 
moved to 136 MHz. The socket was again 
mounted in the amplifier, which was then 
retested for Stability. The amplifier was 
stable, and the power output peak coin 
cided with the plate current dip. Either 
arrangement of the socket grid return leads 
raised the self-neutralization frequen¬ 
cy sufficiently lo achieve stability or 
the neutralization point is sufficiently 
broad to include 150 MHz. It wasn't neces¬ 
sary to improve I he neutralization further. 
Undoubtedly this simple socket modifica¬ 
tion is necessary to achieve optimum sta¬ 
bility in ihe two-meter band, 

amplifier assembly 

The schema lie of the amplifier is shown 
in fig. 6. Note that she circuit is much the 
same as that of an hf amplifier. Only the 


Cto&eup of thii output load coupler* The 
t&Flon block, with the finger stock mounted 
on top. forms an adjustable loop as it slides, 
back and forth to adjust the loading. 
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plate lank circuit and [he mput matching 
network can he considered unique. The 
metering of the grid and plate currents is 
m the negative reiurn leads. The grid is 
metered in Eh is manner to allow a very 
low impedance radio-frequency connec¬ 
tion between the control grid and the 
chassis. 

As noted previously, this grid circuit 
is part of the amplifier neutralization 
scheme, and the use of a grid by-passing 
arrangement could have complicated the 
amplifier neutralization. The plate current 
is metered in ihe negative return lead in 
the interesl of safety. It is always danger¬ 
ous lo have a plate current meter mounted 
on the front panel if the meter is operat¬ 
ing at a high potential with respect to 
ground 

A 25-ohm, TO-wati safety resistor must be 
connected between the negative terminal 
of the plate power supply and ground. If 
either god or plate meter should become 
open circuited, and the plate side of the 
power supply shorls to ground, I he negative 
side of the plate supply could assume a 
potential equal to I he supply voltage. The 
25-ohm resisior will prevent I be negative 
terminal vollage from soaring and will 
load the power supply sufficiently lo cause 
the fuses, or overloads, h function. 

Fig. 7 is a pictorial of the plate line and 
the dimensions that were used in the 150- 
MHz amplifier. 


operating results 

rhe amplifier has been operating at 150- 
MHz many hours under the following con¬ 
ditions: 


Plate vollage 
Plate current 
Plate input power 
Grid voltage 
Grid current 
Output power 
Drive power 
f ilameni voltage 
Filament cur rent 


2500 volts 
800 miII(amperes 

2(XK) watts 
0 volts 

240 milliamperes 
1175 watts 
50 watts 
5 volts 
33 amperes 


Note the output power and the required 
drive power; the power gain is 21.5 times 
or 13.7 dR. 

No mtermodulalion distortion tests were 
made at 150 MHz although tests have 
been run at 2 MHz to determine the lube 
characteristics. Under the same operating 
conditions given tor T50 MHz, the third- 
order inter modulation produt t> were no 
less than 32 dR down, and the fifth-order 
products were better than 38 dR down from 
one tone of a two-equal-tone lest signal. 


references 

1. barber ei at, "Modern Circuit Design for VHF 
transmitters/’ CQ, November & December, 1%5. 

2. On and Sayi-r, ,J Serin- and Super-Cathode Driven 
Amp!i hors, Q5T, June & July. 1%7. 

3. William I Orr, W65AI and lohn T. Chambers. 
VV6N12, "Strip* line Kilowatt for 432 MHz/ r ham 
ratlin, September, l%8. 

ham radio 


fig. 7. Cutaway view of 
the 3CX10DQA7 pi ala tin*. 
The isomica is the dielec¬ 
tric for tlfoe plate-blocking 
capacitor C4. The two 
support pillars and fix in¬ 
sulating shoulder wash¬ 
ers are made ot teflon 
■ 1 it the sliding output 
coupler block. The finger 
contact strip for the anode 
of the 3CX10Q0A7 is to- 
ilrurnant Specialties Com¬ 
pany no. 97-133., A mom 
detailed drawing of the 
plate line is available 
from the author. 
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simple 

high-stability 

variable frequency oscillator 


Some experimental 
and practical 
construction notes 
on a stable 
solid-state 
Seiler 
oscillator 






How would you homebrewers fike a vfo with 
less drift than most factory-built ssb gear, 
very fast warmup, linear dial calibration, 
a capacity tor using a wide variety of silicon 
or germanium transistors {pop or npnj with¬ 
out any circuit changes, unusually flat output 
vs frequency, low cost, compactness and the 
capacity to be built with simple hand tools? 
So did 1. After building and testing four dif¬ 
ferent vfo circ uits, I chose the circuit in fig. * 
as the most reproducible vfo circuit with 
good operating characteristics. 


circuit 

The oscillator circuit i finally selected was 
WlJHR's Enow W3jM| synthetic rock. 1 My 
fust try with this circuit showed that Captain 
Lee s performance claims were very modest, 
and some of the circuit advantages weren't 
even mentioned. My next effort used the 
same circuit but was ruggedly built in a box 
of precision-machined hard aluminum with 
1 8-inch end plates; this served as a ' me¬ 
chanical standard.” I his model (oscillator 
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number 1) used two RCA 2N247 germanium 
transistors. 

A second mode! (oscillator number 2) was 
bui/t with plastic-encapsulated silicon transis¬ 
tors (dc beta about 50) in a 3x4x5-inch alumi¬ 
num utility box; the layout and circuit board 
are shown in figs. 2 and 3. However, in my 
unit, the circuit board was not etched; com¬ 
ponent leads were used for all interconnec¬ 
tions. When this much more simple 
construction was compared to the "mechani¬ 
cal standard/' it was obvious that it was 
completely adequate for single-sideband. If 
it were included in a complete ssb package, 
of course, much of the total stability would 
depend upon the rigidity of its mounting on 
the main chassis. 

The drift characteristics of oscillators num¬ 
ber 1 and 2 are plotted in fig. 4. Note how 
closely the drift curves of the two units 
paralleled one another when the ambient 
temperature was deliberately forced up 10 
degrees. This is a good indication of what 
will happen if you mount the completed vfo 
next to a well-stoked 6146! Temperature com¬ 
pensation is definitely in order for chassis 
position with wild temperature ranges. 

The drift runs plotted in fig. 5 were made 
with the oscillators covered by small card¬ 
board boxes. Since the first hour of these 
runs was spent checking out the instrumen¬ 
tation, no warmup drift is shown. With such 
minimal protection against the temperature 
effects in my basement—during a particularly 



* 

VFO 1, 2,4 

VFO 3 

Cl 

ISO (AFC-3) 

sec TEXT 

C 2 

IOO SM 

50 SM 

C3 

3000 SM 

1000 SM 

C4 

•000 SM 

300 SM 


fig. 1. This vfo circuit was tho most 
stable of several tried; it was origi¬ 
nally developed by W3JHR. 


cold spell in January—I felt the performance 
was nothing short of remarkable. 

The drift runs plotted in fig. 6 were made 
with oscillator number 2 protected by a 1/2- 
inch thick styrofoam box. Warmup drift in 
curve A was quite reasonable, although a 
slight improvement was obtained (plotted in 
curve B) by replacing the metal tuning shaft 
with a bakelite shaft to minimize heat trans¬ 
fer into the styrofoam package. 

The next vfo l built—oscillator number 3— 
was a try at further miniaturization; I also 
wanted to check the circuit at higher frequen¬ 
cies. The vfo was built into a small 4x4x2-inch 
aluminum utility box as shown in fig. 7. The 
feedback capacitors C3 and C4 used in 
oscillators number 1 and 2 at 3.5 MHz were 
much too large at 9 MHz; unless l used a 
transistor with extremely high gain, the circuit 



fig. 2. Full-siio printed-circuit layou^ 
for the vfo shown in fig. 1. 


wouldn't oscillate. The values I finally used 
are shown in fig. 1. 

The first variable capacitor I used in oscil¬ 
lator number 3 was a popular low-priced 
double-bearing 15-pF unit. It was a bit stiff 
to rotate, and vfo drift was terrible: jumps of 
1 kHz in 5 minutes were common each time 
the dial was reset to a different frequency. 
This capacitor was replaced by a single¬ 
bearing 15-pF Millen 22915 variable. A single¬ 
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bearing variable is usually not mechanically 
stable where any vibration is present, but for 
bench tests it is adequate, 

The new Millen capacitor operated very 
smoothly and required very little torque. The 
drift run plotted by curve A in fig, ti showed 
promise. The capacitor was then "exercised" 
by chucking the shaft in an electric drill and 
running it in a bit while feeding oil to the 
bearing. Several days later a couple of 
frequency runs showed that the rotation stic- 


oscillator number 3 will make a useful vfo 
for vhf work. Another possibility for vhf work 
would be to put a larger capacitor across the 
feedback capacitor C4, tf a 100-pF variable 
were placed in parallel with the 25(J-pF mica 
capacitor used for C4, the vfo will tune from 
approximately 8333 to 8500 kHz. This should 
make a very stable vfo for the low end of 6 
meters. The change in feedback should not 
materially affect over-all stability, although 
the output voltage may vary somewhat from 



tion had been largely eliminated; plot B in 
fig- 8 is typical. Further improvements in 
mechanical stability could probably be ob¬ 
tained by replacing the utility box covers with 
covers made from l/8-mch aluminum sheet. 

If you have a very smooth capacitor that 
will fit into a small utility box, the layout of 


one end of the band to the other. 

Since oscillator number 2 seemed to repre¬ 
sent an optimum type for general purpose 
construction, an identical model was built to 
check reproducibility. An ARCS tuning capaci¬ 
tor was used but the oscillator was set up 
for oscillation at 9 MHz. The oscillator 
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FREQUENCY SHFT (Hz) 


transistor was a plastic encapsulated silicon istic. As you can see from curve A in fig. 9, 

device with dc beta between 400 and 500. the unit was quite stable. 

As you can see from the drift characteristic The only adverse effect 1 could find with 

plotted in curve B of fig. 9, it leaves some- this circuit was the frequency shift per volt 
thing to be desired. change in power supply voltage. With the 

This same vfo was then shifted to 2 MHz. misfit transistors, drift was 500 Hz per volt; 

At 2 MHz oscillation was easily obtained with all the other oscillators exhibited a shift of 

a pair of unmarked surplus silicon transistors. 100 to 125 Hz per volt. In one case, with 

The frequency change was an experiment to oscillator number 1 at 2.5 MHz, the drift was 

see if such misfit semiconductors would have 45 Hz per volt; at 4 MHz, this same oscillator 

any significant effect on the drift character- showed 125 Hz per volt drift. This is not at 



SIDE VIEW END VIEW 

fig . 3. Mechanical construction of vfo number 2. 



TIME (hours) TIME (hours) 


fig. 4. Drift characteristics of fig. 5. Drift characteristics with the vfo in a fairly 

oscillators 1 and 2. constant temperature environment. 
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all severe and can be cured with a simple 
voltage regulation circuit. 

If your application calls for a vfo output 
other than 3.5 or 9 MHz, it may be necessary 
to change the values of the coupling and 
feedback capacitors for optimum results. As 
a starter, the reactance of C2 should be about 
600 ohms, C3 about 20 ohms and C4 about 
60 ohms at the frequency of operation. 

Since the output of the vfo itself is quite 
low—on the order of 0.5 to 1.5 volts peak to 
peak—it will be necessary to add a buffer 
amplifier for most applications. The output 
impedance of the oscillator stage is fairly 
high, so a high input impedance buffer stage 
using an fet or Darlington-connected transis¬ 
tor is required to minimize loading. 

circuit advantages 

Perhaps one of the most interesting ad¬ 
vantages of this vfo circuit is the remarkably 
flat output voltage vs frequency characteristic. 



0J2345678 


TIME (hours) 

fig. 6. Drift characteristics when the vfo was pro¬ 
tected with a Vi-inch styrofoam box. 

All of the oscillators were checked with a 
Tektronix scope, and output variations were 
1 dB or less over all of the bands checked. 
This is obviously an advantage if the vfo 
is fed directly into a mixer stage. The mixer 


can be set up for optimum characteristics 
with assurance that they will not change with 
the vfo setting. 

Another plus factor for this circuit is the 
clean waveform. Unless the feedback ratio— 
determined by C3 and C4—is too far off, or 
the reactance of the group of capacitors is 
too high (vfo on too low a frequency), wave¬ 
form is excellent. This is an invaluable aid 
when designing a high performance mixer 
circuit. 

804*0 FASTENED WITH 



NO. 229/5 


fig. 7. Mechanical construc¬ 
tion of vfo number 3. 


tank circuit components 

I can't stress too highly that the real heart 
of these vfo's is the tuning capacitor and coil. 
It's probable that a good deal of the ex¬ 
cessive drift on oscillator number 3 could be 
traced to one of these components. The 
variable capacitors used in oscillators 1 and 
2 were originally installed in ARCS trans¬ 
mitters. This capacitor is probably the best 
all-around choice for these vfo's; it is well 
built with high grade parts, and the gear drive 
ratio is adequate for the job. This is important 
because a drum dial can be attached to the 
end of the gear drive; this will save the cost 
of a separate dial and drive assembly. 
Another advantage of the ARC5 capacitor 
is dial calibration—it is essentially linear. 

If you use a different type of capacitor, 
watch for erratic frequency jumps each time 
the capacitor is reset. To assess the merits of 
a particular capacitor in this respect, set the 
dial on a particular frequency from a clock- 
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wise direction. Make another run the next 
day, but approach the same frequency from 
the counter-clockwise direction. After about 
four frequency-setting runs you'll see the 
difference. This drift is mechanical and will 
usually be opposite to the direction you 
turned the capacitor. 

The coil must be a rigid, quality unit. In 


pitches to give you some experimental forms. 

In one vfo I built, I found a mysterious and 
sudden frequency shift. This was eventually 
traced to the manner in which the coil was 
terminated. The coil form had a hole near 
the end, and the coil wire was pulled through 
the hole several times to secure it. When the 
wire was pulled through the hole, the insu- 




fig. 8. Drift characteristics of 
oscillator number 3. 


fig. 9. Drift characteristics of oscillator 
number 2 when it was shifted up to 9 MHz 
and down to 2 MHz. 


one model I had good results with a high 
grade phenolic form, so this material isn't 
completely hopeless. I also tried commercial 
airwound coils; I found the best way of 
mounting these was to cement a block of 
polystyrene to one of the supporting ribs with 
Q-dope. Tests seem to indicate that if the 
leads from the coil to the circuit board are 
not preformed to fit with a minimum of 
stress, the built-in stress becomes a source of 
drift later on. 

The oscillators used for the frequency drift 
runs presented here all used ceramic coil 
forms. The average homebrewer will have 
the best results with grooved forms if they're 
available. If they're not, try to get some 
phenolic tubing and have a machinist friend 
lightly groove several pieces at various 


lation was damaged and resulted in a partial 
tiny turn that occasionally shorted out. From 
there on, I used small bolts and nuts to form 
a stud to solder the wire to. 

Table 1 I ists the approximate inductance 
required for any output frequency range be- 

fable 1. Tank circuit inductance for different fre¬ 
quency ranges. 


vfo range 

inductance 

(MHz) 

0*H) 

1.7 - 2.15 

34 

2.0 - 2.5 

25 

2.5 - 3.1 

16 

3.3 - 4.2 

9.5 

4.0 - 5.0 

6.3 

5.0 - 6.2 

4.0 

6.0 - 7.5 

2.8 
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tween 1.7 and 7.5 MHz with the ARCS 
variable capacitor. No exact coil winding 
information is presented here because each 
individual builder will probably use a coil 
form available in his junk box. In the vfo's 
that I built, no effort was made to select form 
factor (coil length-to-diameter ratio), wire 
size or spacing for maximum Q. Several coils 
that l used departed a great deal from opti¬ 
mum, but results were uniformly good. 

measurements 

To make any kind of reasonable frequency 
measurements, you'll need a good crystal 
standard powered by a well regulated supply 
and capable of being zeroed in on WWV. A 
100-kHz standard is generally poorer than 
a 1-MHz standard, but either will suffice if 
you use care. I use a BC-221 frequency meter 
with a regulated power supply in the "crystal 
only" mode. Owners of the LM version can 
shift the heterodyne oscillator out of the 
ballpark and depend on the crystal by it¬ 
self. With a four-hour warmup, either model 
makes a good standard. 

Many BC-221 owners are not aware that 
some models have a crystal frequency adjust¬ 
ing capacitor located underneath the name¬ 
plate on the front panel. When making a 
drift run, 1 secure the nameplate with mask¬ 
ing tape to permit quick access for zeroing 
to WWV; it's best to replace the nameplate 
each time to minimize thermal shifts. 

To measure vfo drift, the beat note be¬ 
tween the 1-MHz standard and the vfo is 
compared to the audio frequency output of 
a Hewlett-Packard 200C audio generator. The 
HP-200C is very accurate and stable with a 
four-hour warmup period. Nevertheless, I 
compare the output to the 60-Hz line fre¬ 
quency for maximum accuracy. You can use 
any old oscilloscope for the Lissajous pat¬ 
terns. 

A homebrew solid-state phase-shift audio 
generator could be built to cover 200 to 1000 
Hz for this work. If calibrated at 60-Hz 
intervals, with the 30-Hz points estimated, it 
should be suitable for most purposes. 

If you use a homebrew audio generator, 
it will be necessary to minimize error due to 
its drift. One way is to make all your fre¬ 


quency measurements at a multiple of the 
vfo frequency. For example, if a 3-MHz vfo 
and crystal standard are compared at 3 MHz 
and the vfo drifts 10 Hz, you must be able to 
rely on your audio interpolation oscillator to 
within 10 Hz. On the other hand, if you feed 
the output of the crystal standard and vfo 
into a receiver tuned to 30 MHz, you can 
measure the tenth harmonic. 

Any drift will also be multiplied by ten, so 
a 10 Hz drift at 3 MHz becomes a 100 Hz 
drift at 30 MHz and is easily read on your 
audio oscillator comparison setup. Be care¬ 
ful: the crystal standard frequency is also 
multiplied! If it was set within 1 Hz of WWV 
at 5 MHz, 30 MHz is six times higher, so your 
crystal-standard error is 6 Hz. 

Any oscillator will shift frequency with 
changes in supply voltage. If your vfo shifts 
200 Hz with a 1 volt change in supply volt¬ 
age, you must be able to measure voltage 
changes as small as 0.05 volt to be sure that 
frequency shift doesn't exceed 10 Hz. 

One simple way of measuring small voltage 
changes is illustrated in fig. 10. In this circuit 
a zero-center microammeter compares the 
voltage difference between the power supply 
and a reference battery. As long as no differ¬ 
ence m voltage exists between the power 
supply and the reference source, no current 
flows through the microammeter. With this 
setup, you can set the power supply voltage 
within about 0.01 volt. 

Since the battery operates under no load, 
it is a stable reference if it's in guod condi¬ 
tion. The power supply must be pretty well 
regulated or you will spend all your time 
following its variations trying to keep the 
meter zeroed. 

If you want to set your power supply to 
other voltages with the same precision, the 
reference must be changed. A string of fresh 
flashlight batteries connected in series pro¬ 
vides a simple means of setting up a variety 
of test voltages. Although a precision tem¬ 
perature-compensated zener in a constant- 
current power supply would do the same 
job—particularly tf the zener is held in a 
constant temperature environment—don't 
substitute a simple zener reference in place 
of the batteries. 
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measurement errors 

Make a few drift runs on your crystal and 
audio standard to find out what the errors 
are. Similarly, make a few runs on the vfo 
power supply to find out how far it actually 
drifts. In a complex setup like this, a number 
of uncertainties exist, including vfo supply 
voltage, crystal standard error, interpolation 
error in reading the audio generator, audio 
generator drift and frequency multiplication 
error. In the work described here, every 
effort was made to maintain cumulative 
measuring error within 10 Hz. 


cause of the rapid warmup, I suspect that 
much of the warmup drift is caused by C2. 
Replacing this capacitor with a fixed air pad- 
der might help—albeit slightly. A larger, 
high-Q coil might also help. 

Although I used carbon composition re¬ 
sistors in all the vfo models that I built, 
precision film resistors chosen for tempera¬ 
ture coefficient may make some slight im¬ 
provements in operating-point stability. 
However, these improvements would all be 
small, and l suspect the cost of the unit would 
increase considerably before there would be 



fig. 10. Test setup for measuring vfo drift. 


The last source of error is usually neglected 
in vfo descriptions—environment. My base¬ 
ment is relatively cold and drafty with a fair 
amount of temperature variation. A number 
of runs were repeated when data was sus¬ 
pected due to temperature variations. My 
"standard'' in this case is a photographer's 
darkroom thermometer. With the exception 
of drift run number 1, the drift curves are 
those which had the least ambient tempera¬ 
ture variation during the run. Furthermore, 
no drift run was started less than 24 hours 
after any previous run, or after I did any 
soldering on the circuit. 

summary 

It may be possible that with further experi¬ 
mentation, the stability of this circuit could 
be improved. However, with the instrumen¬ 
tation / am using, it would be difficult to 
evaluate any improvement accurately. Be¬ 


any substantia! improvement in drift charac¬ 
teristics. 

In conclusion I would like to thank Captain 
Lee, W3JM (ex-W3JHR), for this remarkable 
circuit; few solid-state circuits are as bug-free 
and tolerant of component values as this one. 
The transistors I have used in the course of 
my experiments have run the gamut—ger¬ 
manium and silicon, pnp and npn, pullouts, 
unmarked surplus, high and low beta, hf and 
vhf types have all been used interchangeably 
with no changes except polarity of the power 
supply. All produced remarkably similar— 
and good—results. 
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a plug-in 
integrated-circuit 

frequency calibrator 


You can use I 
your existing J 
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The new sub-bands reserved for amateurs 
who have taken advantage of the incen¬ 
tive licensing laws are now a fact of life. 
Operating in these bands is a real privilege 
for those who have improved their oper¬ 
ating skills and technical knowledge. 

If you don't have your advanced or ex¬ 
tra-class ticket yet, you're probably going 
to need something better than the fre¬ 
quency calibrators built into most ama¬ 
teur receivers. Instead of having to worry 
about only two frequencies (at the old 
band edges), you must now be able to de¬ 
termine accurately the edges of the new 
sub-bands. Even if you're in the top 5000 
who are privileged to operate down in the 
"basement," the little solid-state plug-in 
calibrator described in this article is just 
the answer to "where am I?" 

Those who may have missed the insert 
in ham radio showing the new frequency 
allocations can get a copy by writing to the 
editor. You might like to thumbtack this 
handy operating aid near your receiver or 
transceiver as a reminder. 

Presented here is a simple plug-in fre¬ 
quency calibrator using the crystal in your 
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existing calibrator. No extra power is 
needed. You need only the power used by 
your present calibrator tube heater. Most 
calibrators put out markers at 100-kHz in¬ 
tervals. If you have a dial with 1-kHz ac¬ 
curacy, such as the Collins S-Line or Heath 
SB-300, an output of 10 or 5 kHz is useful. 
You can build this calibrator for about one 


fig. 1. 100-kHz crystal oscilla¬ 
tor circuit using a Fairchild 
H L914 dual-gate integrated"cir¬ 
cuit. Grounded pins 1 and 5 
lead to unused inputs. 

IOk 


.001 


dollar above the cost of the integrated cir¬ 
cuits. Frequency division will be limited 
only by the number (within reason) of JK 
flip-flops you're willing to include. 

analysis 

Switchable heater current appears at 
the cathode pin of the socket in equipment 
such as the Swan 500, Heath SB-300, and 
Collins 75S-3. In the Swan 500, you'll need 
a larger filter resistor for the plug-in cali¬ 
brator because of the 12-volt heater sup¬ 
ply. If you're using a Heath SB-300 or Col¬ 
lins 75S-3, you must place a jumper across 
the respective cathode resistors (R17 in the 


SB-300 and R45 in the 75S-3) to make use 
of the switch in that line. This power can 
be rectified and filtered. With low-current 
drain IC's such as the Fairchild 9093 JK 
flip-flop, a half-wave rectifier is sufficient; 
with more drain, a bridge circuit is ad¬ 
visable. Blocking capacitors will be needed 
in the rf ground-return and output leads to 
isolate the new power supply negative and 
the former tube's plate supply. 

the circuit 

A simple crystal oscillator using two 1C 
gates as the transistors in a multivibrator 
circuit requires only two 10k resistors and 
one 0.001 /*F capacitor. It will operate from 
100 kHz to 1 MHz with no change. The 
dual-gate Fairchild mL 914 performed well 
in the oscillator circuit 1 ’ 2 of fig. 1, as did 
the Motorola MC-724P quad gate. The lat¬ 
ter is shown in fig. 2. The unused gate in¬ 
puts are grounded to cut off unnecessary 
collector current. However, they can be 
used for isolation amplifiers, R-S flip-flops 
and other circuits. The cost is around $1.08. 

Oscillator output is capable of driving 
a JK flip-flop as a frequency divider with¬ 
out any intervening circuit. A single flip- 
flop will divide by two; a dual in-line plas¬ 
tic Motorola MC-790P provides division by 
four at a cost of only $2.00. Two of these 
can provide decade division with an out¬ 
put every 10 kHz from a 100-kHz calibra¬ 
tor crystal. 

Many other types that draw less current 
are available, but this is of little advantage 
except in power supply filtering require¬ 
ments.* The 5-volt Motorola MC-838P 
decade divider will produce 50-kHz and 
10-kHz harmonics while drawing less cur¬ 
rent than the 3.6-volt MC-790P. It can be 
"blocked" into putting out 25 kHz incre¬ 
ments instead of decades if desired. 3 

* W0KPZ has pointed out (QST, February, 1968, p. 55) 
that the Motorola MC-778P has less than one-quarter 
the current requirement of the MC-790P. The MC- 
778P is in the milliwatt MRTL series, costs only 35c 
more, is a type-D flip-flop, has lower but adequate 
output and doesn't require as rapid an input-pulse 
fall time as the MC-790P to make it toggle. Unless the 
power supply is filtered adequately, the MC-790P may 
count power-supply ripple, causing a rough note or 
incorrect frequency division. Editor 
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construction 

I used Vector board with alternate 0.1- 
inch hole spacing. I drilled a few addi¬ 
tional holes to accept the fourteen pins of 
the dual in-line ICs. Two other types of 
Vector board that accept the ICs without 
any drilling are now available. A piece 
about 2V2 x 3V2 inches fits nicely into the 
S-line receiver. It is slotted in one corner to 
bridge across the stub of the Vector 7-pin 


The crystal wasn't furnished with a trim¬ 
ming network of zero and negative tem¬ 
perature coefficient capacitors. This circuit 
is possible here and is advisable. A JFD 
VC28C piston trimmer was used, providing 
multiturn adjustment. A larger trimmer 
could have been used. 

The 0.001-/iF capacitor (0.1 also worked) 
and 72-watt, 10k resistors complete the 
mounting. I used Belden 8430 phono 


fig. 3. System using 
two gates and two JK 
flip-flops to provide 
25-kHz markers with a 
100-kHz input. 


10 k /Ok 



tube-base plug. The leads are wired to 
seven convenient pins, not only to provide 
connections, but also to attach the plug 
securely to the board. 

With a half-wave rectifier, using a 50- 
volt "glass amp" diode and two small Jap¬ 
anese 100~^F, 10-volt capacitors from Poly 
Paks, a filtering and dropping resistor of 82 
ohms is required for two ICs using a 6.3- 
volt supply. This will vary with IC types and 
the voltage source, so a larger resistor 
should be tried first to be safe. 


pickup-arm cable, separated into single 
strands, for wiring the ICs. 

testing 

Oscillation can be detected with a vac¬ 
uum-tube voltmeter, even without an rf 
probe. Dc will be on the various leads, 
averaging about half the supply voltage. 
Care must be taken that there are no short 
circuits between IC leads, that all connec¬ 
tions are conducting, and that all are in 
their correct places. Most crystals will os- 


fig. 2. 100-kHz crystal oscillator circuit using a Motorla MC724P quad gate IC. 


100 kHz 300 F 
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fig. 4. Complete circuit of a simple frequency calibrator that may be plugged into an existing calibrator socket 
in your receiver. Power supply is derived from the 6.3 Vac filament supply. 


cillate in the circuit, but a few take off at 
a harmonic. A capacitor between 50 and 
200 pF across resistor R2, which is in series 
with the 0.001 ^iF capacitor, is said to cor¬ 
rect this. 1 

Both VK3TE and I found the 100-kHz 
points from an MC-790P divider to be 
weaker than intervening points. No correc¬ 
tion is offered as yet for this, except to use 
the Fairchild 9093. 

operation 

When the power switch is turned to 
"calibrate/' the ground return to the 6.3 
volts is applied to the new calibrator 
board, which replaces the calibrator os¬ 
cillator tube. The output passes through the 
original small antenna-coupling capacitor 
or "gimmick" to the receiving antenna. The 
new pips appear on the dial at the ap¬ 
pointed places. With 10-kHz output, these 
are adequate to calibrate the intervening 
nine 1-kHz points by interpolation. If an¬ 
other flip-flop is added to produce 5-kHz 
harmonics, all incentive band edges are 
marked if the crystal is set properly—and 
recently—on WWV. After November 1969, 
25-kHz output alone will mark all incen¬ 


tive band edges because the 14,235-kHz 
limit will not be in effect. 
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2 "Build an 1C Crystal Calibrator," Radio-Electronics, 
February, 1968, p. 32. 

3. E. H. Conklin, "Calibrators and Counters," ham 
,adio, November, 1968. 
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"A slug-tuned coil and a silver-mica capacitor 
please . . . and would yuh tune them for 50.42 MHz?” 
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the real meaning of 

noise 


The availability of excellent solid-state de¬ 
vices makes it possible for just about any 
serious vhf or uhf experimenter to build a 
receiver with a noise figure that was un¬ 
heard of only a few years ago. Today's 
transistors, even in the 400- and 1200-MHz 
region, are competing with uncooled para¬ 
metric amplifiers. 

Although necessary, a low noise figure 
in the receiver front end doesn't necessarily 
guarantee optimum performance of a re¬ 
ceiving system. The receiver is only one 
element of the total receiving system. The 
performance of the antenna and transmis¬ 
sion line can have, in the presence of a 
low noise receiver, just as important an 
influence on over-all receiving performance 
as the receiver itself. The receiver noise 
figure is a measure of the receiver's per¬ 
formance only. The true measure of the 
system's ability to detect a signal entering 
the antenna is the system noise figure (as¬ 
suming constant pre- and postdetection 
bandwidths). 

There was a time when, due to a poor 
receiver, the system noise figure was often 
nearly the same as that of the receiver. As 
noise figures moved lower, the practice of 
using the noise figure as a measure of per¬ 
formance became cumbersome. The use of 
noise temperature is now more meaning¬ 
ful and convenient. Of course, noise figure 
and noise temperature are related, since 
they both purport to measure the same 
thing. In reality, however, the noise temper¬ 
ature is the more basic unit and is ac- 
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figure 


tually easier to deal with, both in under¬ 
standing concepts and making practical 
calculations. 

I've used some mathematics to explain 
relationships and fundamental concepts. 
The math is quite straightforward, but it's 
easy to get sidetracked when there are 
several terms with nearly the same defini¬ 
tions. The list of symbols and definitions in 
table 1 should help you to find your way 
through the mathematical expressions. 

thermal noise 

To establish a common basis for the dis¬ 
cussion, it seems appropriate to begin with 
the meaning of the terms noise tempera¬ 
ture and noise figure. Noise figures are ac¬ 
tually defined in terms of noise tempera¬ 
ture; consequently noise temperature needs 
to be explained first, but not without pro¬ 
viding some background. 

Any substance that is warm (and by 
"warm" I mean above absolute zero) con¬ 
tains some electrons that are free to move 
about in that substance. The amount of 
energy contained by these electrons in¬ 
creases as the temperature increases, and 
an increase in energy means an increase 
in the average speeds of the free electrons. 
However, moving electrons constitute an 
electric current. Since we can, in general, 
assign a resistance to a particular piece 
of that substance, there should be a volt¬ 
age developed across the substance due 
to these thermal electron currents since 
V - IR. 
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NOISE TEMPERATURE (°K) 


The direction and speed of any given 
electron is random and fluctuates wildly 
as the electron moves through the sub¬ 
stance and collides with the relatively im¬ 
mobile atoms (ions) that make up the bulk 
of the substance. The final effect is that, in 
most substances, there is no net current in 
any direction on a long-term average, but 
rather a series of random positive and 
negative pulses. In other words, the volt¬ 
ages developed by these currents constitute 
thermal agitation noise. 

Since the currents increase with tempera¬ 
ture, the noise power likewise increases 
with temperature. Further, as the pulses are 
random, they are spread out over a very 
broad range of frequencies. It develops 
that, if we look at the power contained in 
a given passband, the value of that power 
is independent of the actual center fre¬ 
quency of the passband. Specifically, Ny- 
quist's formula states: 


table 1. Symbols used in the discussion and math* 
matical description of noise. 

B bandwidth 

F noise figure 

f noise factor 

G stage gain 

I thermal current 

L transmission line loss factor 

P thermal noise power 

R resistance 

T absolute temperature (°K) 

T . antenna noise temperature 

A 

T total transmission line noise temperature 

Ji 

transmission line noise temperature 
Tp transmission line physical temperature 
receiver basic noise temperature 
receiver noise temperature modified by TL 

T system noise temperature 

s 

V voltage (product of IR) 




0 1 23456789 10 


NOISE FIGURE (dB) 

fig. 1. Noise temperature vs noise figure. 


where k is Boltzmann's constant, T is the 
absolute temperature (degrees Kelvin), and 
B is the bandwidth (Hz). Note that the 
power is directly proportional to tempera¬ 
ture, and at 0° K there is no noise. 

These facts about thermal agitation en¬ 
ter into the discussion of system perfor¬ 
mance from two aspects. One is that this 
mechanism can be a source of unwanted 
noise and the other, which will now be 
considered, is that this effect can be used 
to provide a convenient standard noise 
source for measuring receiver or system 
performance. It is in this latter connection 
that the concept of noise temperature has 
evolved. 

noise temperature 

Suppose you have a receiver front end 
that needs to be evaluated. Further, sup¬ 
pose that its input impedance is 50 ohms. 
One way to measure performance would 
be, in principle at least, to terminate the 
receiver's input with a warm 50-ohm load, 
attempt to detect the load's thermal agita¬ 
tion noise, and compare it with the noise 
generated by the front end itself. 

To be even more specific, suppose we 



march 1969 


27 




could reduce the resistor's temperature to 
absolute zero and note the noise level on 
a perfectly linear S meter. This noise level 
would be due entirely to the receiver, be¬ 
cause there is no thermal noise in the re¬ 
sistor at absolute zero. Now suppose we in¬ 
crease the resistor's temperature until the 
S meter shows a 3-dB increase. That is, un¬ 
til the resistor thermal agitation noise is 
equal to that generated by the receiver. 
We've obviously measured the noise gen¬ 
erated in the receiver, but what is it? 

We could determine the power in watts 


sistor noise and the receiver front-end noise 
are both random and relatively broad¬ 
band. In reality the noise the receiver gen¬ 
erates may or may not be caused by ther¬ 
mal effects, but we can always compare the 
amount of noise per unit bandwidth with 
that which would be produced by a resistor 
of some certain temperature. 

One example of the convenience of us¬ 
ing noise temperature as a performance 
measure is that it is directly proportional 
to noise power. Hence if, for instance, you 
were to halve the noise temperature of a 


fig. 2. Curve of factor L vs 
feedlino loss. 



FEEDLINE LOSS (dB) 


from Nyquist's formula, if we knew the ex¬ 
act bandwidth of the receiver, since we al¬ 
ready know the resistor's temperature. But 
a number that depends on the receiver's 
bandwidth would be somewhat cumber¬ 
some for comparing two different receivers. 
On the other hand, a very convenient and 
accessible number would be the resistor 
temperature. For example, if heating the 
resistor to 400° K would produce the same 
as that generated by the receiver, we could 
say that the receiver noise temperature 
was 400° K. This number is independent of 
the receiver bandwidth, and we can use it 
to compare receivers of different band- 
widths. 

It should be noted parenthetically that 
this number is meaningful, because the re¬ 


system, you would double the signal-to- 
noise ratio of any signal present. The same 
can't be said for noise figure. 

noise figure 

Before we can define noise figure we 
must take one intermediate step. Suppose 
we define a noise factor 

T 


where T is the noise temperature, and the 
290 represents the value of room tempera¬ 
ture in Kelvin units. The noise factor is a 
number that varies from 1 to infinity as T 
varies from zero to infinity. 
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Now we can define the noise figure as 
the noise factor expressed in decibels; that 
is 


F = 10 log 10 f 

Note that when T = 290° K, room tempera¬ 
ture, f = 2, and the noise figure, F = 3 dB. 
In other words, both f and F are ways of 
comparing T and 290° K. Note also that 
the noise figure is in a sense two genera¬ 
tions removed from our original unit, noise 
temperature. A little scratch paper calcula¬ 
tion will show that 

T = (f-1) 290 

Unlike T, the percentage change in f neces¬ 
sary to produce a given improvement in 
signal-to-noise ratio depends on the orig¬ 
inal value of f. This effect is particularly 
noticeable when f is small, which is pre¬ 
cisely the region we wish to consider. Con¬ 
sequently, such calculations, while not too 
difficult, are not instantaneous. Hence the 
significance of f and F is more obscure 
than that of T. 

The foregoing has, I hope, established 
the relationship between T and F and pro¬ 
vided some initial insight into the reasons 
for dispensing with noise figure in favor of 
noise temperature in what follows. 

receiving systems 

Earlier it was suggested that the over-all 
performance of a receiving system depends 
not only on the receiver but also on the 
transmission line and antenna. Each of 
these elements makes a contribution to the 
system noise temperature, and this contri¬ 
bution is directly additive (another conve¬ 
nience of noise temperature over noise fig¬ 
ure). It should be emphasized that the in¬ 
tent is to find a system noise temperature. 
In this context, when considering the an¬ 
tenna, we are only interested in the an¬ 
tenna's noise performance and not its 
gain. 

A great deal has been written about the 
sources of noise in various rf amplifiers. 
It's therefore unnecessary to spend much 
time on this aspect of the subject, except to 


note that, in vacuum tubes and transis¬ 
tors, the actual source of most of the in¬ 
herent noise is usually nonthermal in ori¬ 
gin. However, in parametric amplifiers, the 
primary noise source is thermal, and cool¬ 
ing the paramp will actually improve its 
noise temperature. Usually the noise tem¬ 
perature of a paramp is quite a bit lower 
than its physical temperature due to the 
slightly strange way that thermal noise de¬ 
velops across a negative resistance. But it 
is related to physical temperature, and 
hence cooling helps. On the other hand, 
cooling transistors and tubes will turn 
them off. 

Of course, the noise temperature of any 
good receiver is determined principally by 
that of the first preamp and almost entire¬ 
ly by the combined effect of the first two 
preamps. This can be seen from the gen¬ 
eral formula for receiver noise tempera¬ 
ture. 


Gj G2 Gj G2 G 3 

The subscripts refer to amplifier stage num¬ 
ber, and G is the stage gain expressed as a 
power ratio rather than in decibels. Since 
all the stage noise figures are usually 
within the same order of magnitude, the 
growing gain product in the denominators 
makes any contribution to the noise tem¬ 
perature beyond the second stage very 
small, and the series can be truncated af¬ 
ter the second term. 

transmission lines 

The transmission line's contribution 
comes from two effects produced by a com¬ 
mon source: line losses. 

The first of these two effects is the more 
obvious. When a signal travels down a 
lossy line, the signal is attenuated. This re¬ 
duces the signal-to-noise ratio, which is 
equivalent to directly increasing the noise 
temperature of the receiver. This increase 
can be expressed by introducing a loss fac¬ 
tor, L, which varies from one to infinity and 
is the ratio of power in to power out for 
the transmission line. The combined effect 
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of receiver noise temperature and this as¬ 
pect of the line loss is 

T r = LT r 

where T R is the basic noise temperature of 
the receiver. 

The second effect arises from our fa¬ 
miliar physical temperature considerations. 
The fact that losses exist implies that there 
is a true resistive impedance associated 
with the line. (Note this is distinct from the 


transmission line contribution to system 
noise is the first effect. However, when re¬ 
ceiver noise is very low the second, or ther¬ 
mal, effect predominates. Though very few 
amateurs will encounter such problems, 
this is commonly the situation with maser 
amplifiers, and in such cases cooling the 
transmission line, while often impractical, 
would improve performance. 

The first transmission line formula com¬ 
bines the line effect with the receiver noise 


fig. 3. Minimum ex¬ 
pected antenna tem¬ 
perature as a function 
of frequency.* 



FREQUENCY (MHz) 


characteristic impedance, which is some¬ 
thing else entirely.) Since the line is warm, 
it actually generates noise due to thermal 
agitation. Hence, the noise temperature is 
related to the loss factor, L, and the 
physical temperature of the line, T p . Spe¬ 
cifically, 

T t = (L-1) T p 

Note that when line losses are low, but 
receiver noise temperatures are on the or¬ 
der of room temperature, the predominant 

* J. D. Kraus, H. C. Ko, "Celestial Radio Radiation," 
Ohio State University Radio Observatory Report 7, 
May, 1967; Dicke fct al, "Cosmic Black-Body Radia¬ 
tion, Aslrophysicat Journal , volume 142, 1965, pp. 
414-419. 


temperature, but it's often more conve¬ 
nient to combine the two line effects and 
state the receiver contribution separately. 
Defining T L as the total transmission line 
noise temperature we can write 

t l=(T p + T h )(L-1) 

This is, again, only the transmission line 
contribution, although it does involve re¬ 
ceiver temperature as a parameter. 

antennas 

Of all the contributions to system noise, 
antenna temperature is probably the most 
misunderstood and also the hardest to pin 
down. First of all, assuming the antenna 
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to be constructed of good conducting ma¬ 
terials, the antenna noise temperature has 
practically nothing to do with the physical 
temperature of the antenna. The antenna 
noise temperature is, rather, a measure of 
the noise the antenna is actually receiving 
(as compared to a warm resistor on the 
end of the transmission line instead of the 
antenna). The amount of noise an anten¬ 
na picks up is often, but not always, re¬ 
lated to the temperature of the objects the 
antenna "sees" at uhf, but at vhf the op¬ 
posite is generally true. 

If we consider the uhf case, an antenna 
on an earthbound circuit sees a large 
amount of warm earth, and the antenna 
temperature will be in the neighborhood of 
100° to 300° K. This is because the free 
electrons moving in the warm earth radi¬ 
ate electromagnetic energy in proportion 
to their temperature. 

There is little that can be done to im¬ 
prove the situation of an earthbound cir¬ 
cuit, but an antenna that looks at the sky, 
such as a moonbounce antenna, would 
have a much lower noise temperature 
since the sky is much "colder" than the 
earth. 

The effect of the earth is still present, 
however, since any sidelobe that sees the 
earth will pick up thermal noise. This ef¬ 
fect can be quite serious, and sidelobes are 
of major concern in many deep-space 
communications and radio astronomy sys¬ 
tems. Careful attention to antenna design 
with respect to sidelobes can result in an¬ 
tenna temperatures significantly under 50° 
K, while poor design can result in much 
higher values (approaching 300° K as a 
limit). This effect is indicated in fig. 3. 

system noise temperature 

The final measure of the amount of 
noise power per unit bandwidth that an 
incoming signal must compete with is given 
by the system noise temperature. This is 
just the sum of the receiver, transmission 
line and antenna noise temperatures, 

Tg = T A + T L + T r 
= T a + (T p + T r ) (L-1) + T r 


examples 

Having presented this array of formulas, 
it might be useful to demonstrate them 
with a few typical examples. 

You occasionally hear a heated discus¬ 
sion on the air about whether or not a 
super low-noise front end is really any bet¬ 
ter than a mediocre front end on six me¬ 
ters. The crux of such a discussion should 
center on the influence of sky- and man¬ 
made antenna noise on the system noise 
temperature. Let's join the fray and con¬ 
sider the question. 

Antenna temperatures at six meters are 
quite high. A typical value for T A would be 
3,000° K. The next aspect to consider would 
be the feedline. In the case of an 80-foot 
tower, which might have a 90-foot run of 
RC8/U, the feedline loss, from published 
data, is about one decibel. From fig. 2 we 
see that L is equal to 1.26. Then 

T l = (290 + T r ) (0.26) 

Now, to find the system noise tempera¬ 
ture all we need do is to try a couple of 
values for T R . Suppose a receiver with a 
good front end has a 1-dB noise figure and 
a mediocre one, 4 dB. Referring to fig. 3, 
then, using the system temperature formula, 
the good receiver provides 

T s = 3000 + |{290 + 76) (0.26)] + 76 
T g = 3171 ° K 

On the other hand, the mediocre one pro¬ 
vides 

T s = 3000 + [(290 + 438) (0.26)] + 438 
T g = 3627° K 

It was obvious from the beginning that 
the good front end was superior to the 
mediocre one, but in terms of the over-all 
system performance, there is less than a 
0.6-dB signal-to-noise ratio advantage. 
The argument will, of course, rage on; but 
at least now it must be over the relative 
advantage of a 0.6-dB signal-to-noise ra¬ 
tio improvement. 
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Let's now shift our attention to a pair of 
432-MHz examples. First well consider an 
example paralleling the one above. On 
432 MHz, we might find an antenna tem¬ 
perature of 300° K. In this example well 
again assume the feedline loss at one 
decibel. Now consider the difference be¬ 
tween a 2-dB paramp or transistor front 
end and a 6-dB 416B amplifier. In the 
former case 

T s = 300 + [(290 + 168) (0.26)] + 168 
T s = 587° K 

In the latter case, 

T g = 300 + [(290 + 870) (0.26)] + 870 
T g = 1472° K 

Hence the better preamp would make a 
4-dB improvement in system noise. The fact 
that 4 dB is also the difference in the pre¬ 
amps noise figures is purely coincidental. 
To illustrate that this is so, let's take an¬ 
other quick example of the same sort. Con¬ 
sider a radio telescope with a T A of 20° K 
and a feedline loss of 0.1 dB. Now if we 
use a maser with T R = 3° K, then, 

T g — 31.8° K 

The same system but with a 3-dB front end 
has 

T g - 327.5° K 

Here a 3-dB receiver noise figure improve¬ 
ment has led to more than 10 dB of sys¬ 
tem improvement. 

In the second 432 MHz example, we'll ex¬ 
amine the influence of the feedline. Assume 
T a - 300° K and T R = 168° K (2 dB). We've 
previously shown that when the line loss is 
one decibel 

T g = 587° K 

But suppose we increase the line loss to 4 
dB. Then L = 2.55, T Tj = 710° K and 


T g = 1178° K 

The system degradation is, in this case, 
3.1 dB, not 3.0 dB. Further, notice that 
the feedline noise contribution here ap¬ 
proaches twice that from all other sources 
combined. 

summary 

Of course the foregoing examples are 
just that: examples. But I hope they have 
illustrated some of the important aspects 
of the problem of receiving system perfor¬ 
mance. 

Perhaps it would be well to underscore 
in a qualitative way some of these points. 
For a given receiver passband and an¬ 
tenna gain they might be stated as follows. 

1. Receiver performance is ultimately lim¬ 
ited by the signal-to-noise ratio present at 
the receiver end of the transmission line. 
(This was obviously the case in the six-me¬ 
ter example.) 

2. Assuming the antenna noise tempera¬ 
ture is minimized or can't be controlled, 
the transmission line is a significant 
factor in establishing this signal-to-noise 
ratio. 

3. Once the signal-to-noise ratio at the re¬ 
ceiver input has been maximized, then the 
noise temperature of the receiver itself can 
be minimized to produce the least degra¬ 
dation in the input signal-to-noise ratio. 
The extent to which this is practical de¬ 
pends largely on actual improvement se¬ 
cured, as contrasted by the six-meter ex¬ 
ample and the maser example. 

Finally, it should be clarified that this 
entire discussion has hinged on noise per¬ 
formance. Obviously, increasing antenna 
gain will also improve performance. Unless 
the antenna is looking at a noise source of 
limited size, such as the sun or a bad pow¬ 
er-line transformer, the antenna noise tem¬ 
perature is, in general, independent of the 
gain. Therefore we could add as a fourth 
point: put up the biggest, grandest, best an¬ 
tenna you can. 

ham radio 
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For The Experimenter! 

International EX Crystal & EX Kits 

OSCILLATOR / RF MIXER / RF AMPLIFIER / POWER AMPLIFIER 




Available from 3,000 KHz to 60,000 KHz. Supplied only in 
HC 6/U holder. Calibration is ±.02% when operated in International 
OX circuit or its equivalent, (Specify frequency) 


$395 


OX OSCILLATOR 

Crystal controlled transistor type 
LO Kit 3,000 to 19.999 KHz 
Hi Kit 20,000 to 60.000 KHz 
(Specify when ordering) 


SAX-1 Transistor RF Amplifier 13,50 

A small signal amplifier to drive MXX-1 mixer. 
Single tuned input and link output. 

Lo Kit 3 to 20 MHz 
Hi Kit 20 to 170 MHz 
(Specify when ordering) 

PAX-1 Transistor RF Power Amplifier 13,75 

A single tuned output amplifier designed to 
follow the OX oscillator. Outputs up to 200 mw 
can be obtained depending on the frequency 
and voltage. Amplifier can be amplitude modu¬ 
lated for low power communicalion. Frequency 
range 3.000 to 30,000 KHz, 

BAX-1 Broadband Amplifier $3,75 

General purpose unit which may be used as a 
tuned or untuned amplifier In RF and audio 
applications 20 Hz lo ISO MHz. Provides 6 
to 30 db gain. Ideal for SWL, Experimenter or 
Amateur; 

tor complete catalog 


Type EX Crystal 


MXX-1 Transistor RF Miner $3,50 

A single tuned circuit intended for signal con¬ 
version in the 3 to 170 MHz range. Harmonics 
of the OX oscillator are used for Injection in 
the 60 to 170 MHz range, 

Lo Kit 3 to 20 MHz 
Hi Kit 20 to 170 MHz 
(Specify when ordering) 




CRYSTAL MFG, CO., IINJC. 


io mo lee • qkla errv okla 73102 
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a miniature 

monitorscope 


It is 

pretty hard to beat 
an oscilloscope 
like this 
for less than 
thirty dollars- 
it features 
a surplus CRT 





There is little question of the desirability of 
a monitor oscilloscope in today's ham 
shark The problem with many of us is the 
availability of the funds necessary to pur¬ 
chase one. The oscilloscope presented here 
will display both envelope and trapezoidal 
waveforms when used with a transmitter of 
10 watts or more. It uses a very linear in¬ 
ternal sweep drcuil with variable sweep 
rates from 30 Hz to 300 Hz, or it can be 
switched for external horizontal input sig¬ 
nals with a full-scale sensitivity of about 
0*5 volt rms. The scope also includes a 
blanking circuit that blanks the trace when 
no rf is present. If you have a well-stocked 
junk box, you can construct this scope for 
just a few dollars. If not, you can still 
build it for under $30*. 

the circuit 

The monitorscope is built around a 902A 
cathode ray tube available from many 
surplus dealers. The 902A is ideal for this 
application for several reasons. First, it is 
available for less than $3 in many areas 
of the country. Second, it has an acceler* 
ating voltage of 400-600 volts, easily ob¬ 
tained with low-cost components. Third, 
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the deflection sensitivity is approximately 
100 volts per inch, allowing the use of 
transistorized deflection amplifiers. Fourth, 
the tube is small—2 inches in diameter, 7 
inches Ion#—and uses an octal socket. 

The power supply is a voltage trrpler us¬ 
ing silicon diodes and a Jow-vohage pow¬ 
er transformer. It produces 175 volts dc for 
the horizontal deflection amplifier and as¬ 
sociated circuits and 525 volts dc accel¬ 
erating voltage. 

The horizontal amplifier consists of a 
source follower junction FET input stage for 
high impedance input and a voltage am¬ 
plifier using a low-cost, high-voltage silicon 
transistor. The input impedance of the FET 
stage is 500k ohms, and the voltage gain 
of the amplifier is approximately 100, The 
undislorted output is over 150 volts peak- 
lo-peak and gives more than adequate 
sweep width. Maximum sweep width is 
about 1 l A inches with the horizontal am¬ 
plifier supply voltage of 175 volts. 

For normal waveform monitoring this is 
sufficient, but if desired, it may be increased 
to full scale by using a voltage doubler 
power supply producing approximately 550 
and 275 volts dc. A higher-voltage hori¬ 
zontal output transistor, such as the RCA 
A 0264„ wou Id a Isr> he necessa rv. 


Internal layout at the monitors cop*. Tho 
horizontal sweep circuit board is in the 
foreground, Th» power transformer is 
mounted on the r*er well. 



The internal sawtooth generator is ba¬ 
sically a unijunction transistor relaxation 
oscillator. The sawtooth voltage across the 
timing capacitor is linearized by a con¬ 
stant-current source (transistor Ql on the 
schematic! charging the capacitor. From 
the equation: 



Where: E — voltage across the capacitor 
t — charging current 
C — capacitance 
T ~ time 


ft can be seen that if the charging current 
and the capacitance are held constant, 
the voltage across the capacitor is direct¬ 
ly related to lime. This approach works 
very nicely in practice, as well as in the¬ 
ory, and yields a very linear sawtooth 
voltage. 

The current, while held constant for any 
given sweep frequency, is made adjustable 
to set the sweep frequency. The supply volt¬ 
age for the sawtooth generator ts regu- 
la ted at 11 volts by reverse biasing ihe 
emitter-base junction of a Fairchild 2N5135 
silicon transistor, this 'diode" costs $.25 
compared with over $1.00 for a typical 
zener of the same rating 

At this point it might he worth mention¬ 
ing that many tif the low-cost, general-pur¬ 
pose silicon transistors can be used as 
zener diodes by reverse biasing their emit¬ 
ter-base junction, To tabulate a few: 


2N5135 - 11 volts 

MPS3704 - 9 volts 

MPS706 - 8 volts 

2N5138 - 7 volts 

2N5134 - 6 volts 


The zener voltages listed were measured 
on twenty or thirty devices and represent 

an average. 

" The semiconductor package is. available from the 
author for Sh.ftfl plus tax and shipping. Ihe tola I 
package is also available, including Mimbox, CRT, 
transformer, semiconductors, passive components, line 
cord, and ail hardware switches, and knobs Price; 
V28.75 plus lax and shipping. 
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The blanker circuit is composed of a 
transistor switch, Q5, connected in series 
with the intensity control and the cathode 
of the CRT. A diode rectifier circuit sup¬ 
plies base current to the switching tran¬ 
sistor when rf is present at the input ter¬ 
minals, allowing cathode current to flow 
and making the trace appear. However, 
with no rf present, the transistor is cut off, 
and the trace is blanked. This feature pre¬ 
vents "burning" the CRT and adds to its 
useful life. For special applications the 
blanking circuit can be bypassed by clos¬ 
ing switch S2. 

The vertical plates of the CRT are capaci- 
tively coupled to the input jack through the 
level-control potentiometer. This type of con¬ 
nection requires no tuned circuits and simpli¬ 
fies operation of the scope. This input circuit 
works well with coax feedline, but balanced 


feedlines will require either a tuned circuit 
transformer or a pick-up loop placed near the 
transmitter tank circuit or the antenna tuner. 
In any case, the scope requires about 50 
volts peak to peak for usable deflection. 

construction 

The monitorscope is mounted in a 10 x 6 
x 3VHnch Minibox. A combination of cir¬ 
cuit board and point-to-point wiring was 
used. While the layout and wiring are not 
critical there are several precautions that 
should be taken. Since no CRT shield was 
used, in the interest of low cost, any mag¬ 
netic fields present in the circuit should be 
as far away from the CRT as possible. The 
primary source of such fields, the power 
transformer, is located behind and as far 
to the side of the CRT as the chassis will 
allow. The leads carrying ac power to the 
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from panel switch were shielded as a fur¬ 
ther precaution. 

Mounting the CRT posed the biggest 
problem. After several unsuccessful at¬ 
tempts, I finally decided to use a soft foam 
plastic drinking cup, now almost universal¬ 
ly available. First, cut a 2-3/16*inch~diam- 
eter hole m the front panel of the enclo¬ 
sure. At this point I would recommend us¬ 
ing a pair of tin snips or a nibbling tool 
and then finishing with a file. Fly cutters 
and hole saws do a nice job, but they can 
be quite dangerous when the work piece is 
not adequately held down. 

When the hole is finished, cut the bot¬ 
tom out of the plastic cup, insert the CRT 
base first through the bottom of the rup, 
and then insert this assembly through the 
front panel and pull it up snugly. The base 
of ihe CRT is supported by its octal socket 
mounted on an L-shaped bracket. Do not 
permanently mount the CRT socket until 
the scope has been tested and the tube 
rotated to make the trace horizontal; pm 
I of the CRT should he positioned near (he 
lop for preliminary alignment. 

The excess foam cup extending through 
the front panel can be trimmed with a 
razor blade or sharp knife, leaving enough 
material to act as a bezel. A piece of plas¬ 
tic tape should be wrapped around the cup 
where it contacts the front panel. 

Because (hey are seldom adjusted once 
set, the focus and intensity controls are 
mounted on the rear of the enclosure Also, 
the blanker bypass switch 52 is mounted 
on the rear of the enclosure, because it is 
only used for special applications. 

The leads carrying rf are kept as short 
as possible to the extent lha( the input- 
level potentiometer is mounted on the 
bracket that holds the CRT socket, A shaft 
extension is used to bring the control to the 
front panel. The blanking circuit is wired 
on a terminal strip and is mounted direct¬ 
ly behind the level control. 

Power supply components are wired to a 
terminal strip, which is mounted to the 
rear wall of the enclosure. The horizontal 
amplifier and sawtooth generator are built 
on a 2 x 2-inch piece of G-10 epoxy glass 
Vector hoard with holes spaced on 1/10- 


inch centers. The components are mounted 
on one side of the board with then leads 
extending through to (he olher side. The 
leads are bent over and soldered to the 
leads of the other components to which 
they attach. Short pieces of bare wire are 
used for supply leads and grounds. This ts 
a very quick and easy way to build 
"printed" circuits without the fuss and mess 
of screens, resistors, etchants, drills, etc. 
Standard precautions should he taken with 
the semi-conductor devices. 

When complete, the circuit board is 
mounted on Vi-inch spacers using number- 
4 hardware in the area behind the hori¬ 
zontal-level control and beside the CRT* 
Lead dress to the board is not critical, but 
shielded wire is recommended *or (he FET 
input circuit. 

testing, adjustment and use 

After completing the construction and 
double checking your work, apply power to 
the scope and check the three supply volt¬ 
ages (11 volts dc, 175 volts dc, 525 volts 
dc). If they are within reason, dose S2 and 
advance the intensity control unlit the 
trace becomes visible* At that point, adjust 
the focus control for the sharpest possible 
I me or dot. Switch to internal sweep, and 
advance the internal level control to the 
point where the trace no longer lengthens 
or where the trace is approximately 1 Vi 



fig, 2, Circuit ■board layout (or the horizontal am¬ 
plifier. 
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inches long. For best performance the 2.7- 
megohm bias resistor for the 40354 (Q4) 
should be adjusted so that the collector 
voltage is one-half the supply voltage (87 
volts in my case). Rotate the CRT slightly to 
bring the trace horizontal. You may want 
to mark the mounting bracket and perma¬ 
nently mount the CRT socket at this point. 

The monitorscope is now ready for use. 
Connect a piece of coax between the scope 
and the transmitter and connect the an¬ 
tenna to the scope. For envelope patterns 
use the internal sawtooth sweep, adjust the 
input-level control for on-scale displays, 
and adjust the sweep control for low sweep 
frequency. Open S2, and the trace will only 
appear when transmitting. 

For trapezoidal or "bow-tie" patterns, 
connect the horizontal input to a point in 
your transmitter that has 0.5 to 2 volts of 
audio, and switch the scope to external 
horizontal input. With maximum audio 
applied to the transmitter, adjust the hori¬ 
zontal level to slightly less than with the 
internal sweep. Trapezoidal patterns are 
quite useful for monitoring the modulation 
percentage of a-m transmitters. "Bow-tie" 
patterns are obtained from double side¬ 
band, suppressed-carrier transmitters and 
are useful for checking amplifier linearity. 

Single sideband transmitters, however, 
will require the use of the envelope pat¬ 
tern. Checking the performance of an ssb 
transmitter generally requires the use of a 
two-tone audio generator, which could be 
built into the monitorscope if desired. For 
waveform analysis and other information, 
consult the Radio Amateurs Handbook, the 
Radio Handbook, or Radio Communications 
Handbook. 

When this scope is used with transmit¬ 
ters of 400 watts output or more, insert a 
10k ohm 2-watt composition resistor be¬ 
tween the input jack and the level control 
(the point marked X in the schematic). Al¬ 
so, for use with high-power rigs, SO-239 or 
similar types of rf connectors should be 
used in place of the phono jacks. There are 
actually several ways to connect rf to the 
monitorscope. Fig. 1 shows the method just 
described, which is the way it's used at my 
station. 


Some transmitters, such as the Fteath 
HX-10, have a monitor jack provided for 
connecting an oscilloscope or other de¬ 
vices. Usually a small-value variable ca¬ 
pacitor is connected to the transmitter rf 
output jack. 

As mentioned before, the CRT is un¬ 
shielded, so use care in the placement of 
this scope when in use. If it's located too 
close to power transformers or rf fields, dis¬ 
tortion of the trace will occur. If it's im¬ 
practical or impossible to keep the scope 
out of such fields, I would recommend us¬ 
ing a CRT shield such as Millen 80802-A*. 

One final note in regard to centering the 
trace. As you will notice, no centering con- 
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fig. 3. Circuit modification for trace center¬ 
ing. Resistor R1 is adjusted for approximately 
400 volts on pin 1 of the 902A; start with 
470k ohms. 


trols have been used on this scope, as the 
902A is fixed centered. While the trace is 
not perfectly centered, it is good enough for 
all but the most particular individuals. 
These controls were left off for simplicity 
and lower cost, but if you desire to move 
the trace around a bit, fig. 3 shows a few 
modifications that can be made. The re¬ 
sistor marked with an asterisk should be 
chosen to develop about 400 volts accel¬ 
erating potential (pin 1) at the CRT with 
the focus and intensity controls adjusted 
for use. Start with about 470k ohms and 
adjust accordingly. 

* Available from Millen distributors for $7.30. 
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AN EMBARRASSING SUCCESS 



The Heathkit* HW-100 


A year ago Heath introduced the HW*IQ0. We thought 
that its excellent features and low cost would make it a 
well accepted rig. It was not only well accepted* it was an 
embarrassing success.Within the first few weeks our entire 
stock of HW- 100's was sold out. For the first lime in our 
history, we had to put a piece of ham gear on allocation. 

Hut now you can buy your HW-100 immediately* and 

join the thousands of hams who have already discovered 

the real meaning of the word value". Order a top per* 

forming rig for your shack now — the HW«!0G . . * one 

of the hot ones from the hams at Heath. 

Kit HW-100, 18 lbs., no money dn.„ $22 mo. $240.00“ 

Kit HP-13A* DC power supply. 7 lbs., $7 mo,... $84.98” 

Kit HP-23 A, AC power supply, 19 lbs,. $5 mo,. $49.95* 
Kit S 0 - 600, 8 ohm speaker, 6 ib$. .. *18,95 * 

HW-100 SPECIFICATIONS RECEIVER. J*mllMly: leu than .5 micro- 
volt for 10 dB ligrial-ptul-nailc In near raUc lor S5B ci pe ral ipn Selec¬ 
tivity: 2.1 tHi minimum qt 6 riB down ' kHf moiinumt at 60 dB down 
(3.395 MHr filter), In pub Low impedance for gnbatantsd coaxial input 
Output Impvdtincl; S 11 iptaker. and high imiilrdontt headphone 
Power output: 2 wdlti with left Shan 10*^ dtlforiion. 5pwr$*ii* rsipomt: 
Image ond IF rejedian belter than 50 dfl TRANSMITTER. OC Paw*r 
Input: 5SB; (A3j emunOn] I BO wait P.E.P, (normal voice; cpnhnuiuii duty 
cycle). CWt (At eminion) 170 watt* l5Q r . duty eyetc). RF Power output; 
100 wait} on BO lh rough 15 melert? B0 waTU on 10 meters [50II non-reactive 
load] Output Impedance: 50 11 to 75 Q with le« than 2:1 SWR Otcil- 
iater ffled- through or mixer product*: 55 dB below reded autpul. 
Harmonic radiation; 45 dB below ruled Output. Tfqnimlt-rtttb* op¬ 
eration: 5SB: PTT or VOX. CW: Provided by operating VOX from a 
keyed lane, using grid-block keying. CW Side-tone; internally twitched 
lo ipealer or headphone, in CW mode, A p proximal sty 1000 Hr lone. 


* Solid-state (FET) VFO • 80*10 meter cover¬ 
age * 180 watts input PEP SSB — 170 watts 
input CW * Switch selected USB, LSB or CW 

* Crystal filter for sharp selectivity * Full 
coverage on all bands with 500 kHz per band 
segment • Smooth vernier control of fre¬ 
quency with patented Harmonic Drive dial 
mechanism * Outstanding frequency stability 

* Built-in 100 kHz calibrator * Separate offset 
CW carrier crystal • TALC • Built-in S-meter * 
Quiet, enclosed relays * Run fixed or mobile 
with HP-23A or HP-13A power supplies * 
Easy assembly with circuit board-wiring har¬ 
ness construction 

Microphone input: High impedance wilh o rating of —45 la -55 dB 

Carrier lupprCuiOn; 45 dB dawn Irani single-lone Outpul. Unwanted 
t Ido band tupprottion: 45 dB dawn fram i mg I b- lone autpul at 1000 Hz 
reference Third order distortion: 30 dB dawn from two-lone Qulput. 
RF Campretiion (TALC*): 10 dB or greater at ,1 ma final grid current 
GENERAL. Frequency (average; 3 5 to 4,0j 7,0 to 7,3; 14 D lo 14.5* 
21,0 la 21.5; 28-0 to 28-5; 28.5 lo 29.0] 22.0 la 29.5; 29-5 lo 50 0 (mega 

hertz) Frequency liability; Leu ihpn 1Q0 herlz per hour niter 30 min¬ 
uses wdCmup from normal ambient Conddionl. 1«1V than 100 Hi for *. 10’.; 
line voltage vor nation*. Model of operations Selectable upper or lower 
sideband (suppressed carrier) and CW Dial calibration; 5 kHz Calibra¬ 
tion T 100 kHr cryilal. Audio frequency reipontot 350 la 2450 Hr 
Traniiilort: MFF1G5 FET — VfO; 2N3393 — Voltage regulator. Rear 
op ran connection*: CW Key jack; 8 11 output; ALC input; Power and 
dccenor/ plug; RF output; Antenna; Spare. Power r*qliblMn 1 1 : 700 
lo 850 volt* at 250 ma wilh 1% maximum ripple J 300 volti as 150 mu wiih 
.05’’;- maximum ripple; — U5 volli al 10 rn-n wilh ,5% maximum ripple: 
12 volts AC. DC al 4,76 amps Cabinet dimenilont: 14’T^' W % 6^“ H 

x 13M J D - 

^Triple Action Lever Central tm 



FREE ’69 
CATALOG 

Dew tlitei 1h«8 and 
uver 300 other Heath 
kits. Save up to 50% 
by building them your 
self Use coupon and 
send fur your FREE 
copy! 


HEATH COMPANY, Dspt 12M 

Benton Hat hot. Michigan 49022 

□ Enclosed is t. 


I 

I _ _ 

Please send model (s'. 

| □ r ease send FREE HeslhM Catalog, 

I 

I 



HKATHKIT 


plus Shipping. 


Name. 
Address 


(Please Print) 


City- 


.Stale 


.Zip. 


Price; & specifications subjecl to change without notice. 
’Mail order prices; F.O.B. factory. 
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seven-tenths- 

wavelength 

ground plane 

for two meters 


The subject of gain antennas will often 
produce a varied response when taken un¬ 
der discussion by amateurs. This is es¬ 
pecially true in vhf mobile applications 
where the system uses a grounded vertical 
as the radiating element 

The purpose of this article is to point out 
some of the basic characteristics of the 
ground plane, and to show how these 
properties were used to adapt an existing 
antenna to 147 MHz. 

characteristics 

Commercial mobile antennas designed 
for the frequency spectrum of 140-170 MHz 
have certain structural characteristics that 
distinguish them from their lower-band 
counterparts. At these higher frequencies, 
the heavy-duty spring mount base is not 
practical. Gain antennas within this range 
are generally limited to half-wave or five- 
eighths-wave radiating elements that are 
base loaded to extend the electrical length 
to three-quarter wavelength. The matching 
network is sealed within a thin cylinder 
that forms the mounting base for the en¬ 
tire antenna. 

The electrical properties of a grounded 
vertical are shown in fig. 1 and 2. The 
common quarter wave is widely accepted 
because the feed point is not reactive and 
presents an impedance of suitable value. 
The lobe pattern of a half-wave antenna 
provides some gain, but the element end 
presents a current null that can't be 
matched directly to common transmission 







"O 
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lines. A three-quarter-wavelength radiator 
is an ideal match for 50-ohm transmission 
line, but low-angle lobes are secondary. 
With more energy being directed toward 
the higher angles, direct-wave field 
strength, at zero elevation angle, is less 
than that of the quarter-wave antenna. 

Most vhf amateurs recognize the five- 
eighths-wavelength antenna as the ulti¬ 
mate in a single-element radiator, but 
many don't know the true gain of the de¬ 
vice. This is sometimes brought about by 
misleading literature that uses the dipole 
or isotrope as the reference source. The top 
curve of fig. 2 is convenient for determining 
true zero elevation angle gain under ideal 
conditions (perfectly conducting ground). 

construction 

These facts presented an interesting 
challenge. I wanted to evaluate some 
Motorola equipment in the fm portion of 
the two-meter band. However, the only 
permanent antenna system on the car was 
a quarter-wave six-meter whip, using a 
232-Series Master Mobile tapered spring 
base. I couldn't see any way to utilize this 
system as a gain antenna in any conven¬ 
tional manner. 

The only practical place to locate a 
matching network was at the coax termi¬ 
nal point inside the trunk of the car. As 
stated before, the purpose of the loading 
network is to extend the electrical length of 
the system to three-quarter wavelength. 
This means that the junction point of the 
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(0) CURRENT DISTRIBUTION 



lb) VERTICAL PLANE RADIATION PATTERNS 

fig, 1. CHnracteriitici of grounded vertical antennae. 


loading coil and the radiating element crease as the radiator length is extended, 
wifi exhibit a high impedance with a half- Seven-tenths wavelength appeared to be 

wave radiator, and the impedance will de- a good compromise, The ^ero elevation 
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angle gain was better than that of a quar¬ 
ter-wave whip, and the impedance at the 
junction point approached minimum. The 
over-all length of the antenna (including 
base) is 52-1/2 inches for 147 MHz. The 
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ANTENNA HEIGHT (WavilfiQlht) 

fig. 2. Radiation resistance and field inten¬ 
sity as functions of antenna height. 


gain slope in this area is very steep (fig. 
2), and a difference of one or two inches 
will alter the characteristics considerably. 

Fig. 3 shows the electrical and mechan¬ 
ical characteristics of the matching net¬ 
work. The device is built on a three-inch 
length of aluminum angle, with holes 
spaced to accommodate two of the mount¬ 
ing screws of the existing base. The coil is 
wound around a 1 / 2 -inch form using num¬ 
ber-14 bus wire. A teflon feedthrough, with 
a 6-32 screw, serves as the junction point 
for the coil tap and the antenna base 
coupling wire. This wire should be cut so 
the terminal lug center-to-center dimension 
is 1-3/4 inches. Typical solder lugs provide 
sturdy mechanical support of the coil at 
the tap point and ground end. 

Electrically, L x supplies the requirement of 
two coils. The 1J4 turn between the uhf 
connector and the antenna is the series 
loading inductance. The remaining portion 


provides the shunt impedance required to 
cancel approximately 72.5 ohms of capac¬ 
itive reactance. 

Part of the capacitive component of this 
reactance is due to the mechanical struc¬ 
ture of the Master mount and its relation¬ 
ship to the automobile body, when proper¬ 
ly installed. This small amount of X c can 
be overlooked at the lower frequencies but 
must be compensated for at vhf. Some addi¬ 
tional strays are introduced with the in¬ 
stallation of the matching network. 

For a period of time, the development of 
the antenna overshadowed the original 
task of equipment evaluation. Practical 


fig. 3. Mechanical and electrical de- 



problems had to be discovered and cor¬ 
rected by trial and error. A seven-tenths- 
wavelength antenna is not conventional, 
but it does have useful applications. The 
purpose in pursuing the project was to 
prove that it could be done. 

references 

F. E. Terman, "Electronic and Radio Engineering," 
McGraw-Hill, New York, 1955, p. 887. 

J. D. Kraus, "Antennas," McGraw-Hill, New York, 
1950, pp. 315, 316. 
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Want really foil coverage ? 

the DRAKE 4 LINE CAN 

GIVE IT TO YOU 



TR-4 SIDEBAND RECEIVER 

You get full frequency coverage on all amateur bands 
10 thru 80 meters, solid state VFO, automatic trans¬ 
mit/receive switching on CW, CW sidetone oscillator 
built-in, upper and lower sideband on all bands, separate 
receiver s-meter and transmitter plate ammeter and 
300 watts PEP input on SSB. 
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T-4XB TRANSMITTER AND R 4B RECEIVER 

Transceive frequency control by VFO of either T-4XB 
or R-4B, or separate receiver/transmitter frequency 
control, selectable by a front panel switch on the 
T-4XB. No "cable juggling" necessary. Both units have 
linear, permeability tuned VFO's readable to better 
than 1 Kc and provide maximum effectiveness of oper¬ 
ation on SSB, CW, and AM and is easily adaptable to 
RTTY. Automatic transmit/receive switching on CW 
activates transmitter and mutes receiver when key is 
depressed. A truly superior combination. 


Henry Radio gives foil coverage too! 

EASY FINANCING - )07„ DOWN OR TRaDE-IN DOWN • NO FINANCE CHARGE IF 

PAID IN 90 DAYS * GOOD RECONDITIONED APPARATUS • Nearly all mokes & models. 

Our reconditioned equipment carries a 15 day trial, 90 day warranty and may be traded back 
within 90 days for full credit toward the purchase of NEW equipment. Write for bulletin. 

TED HENRY |W6UOU| BOB HENRY (W0ARA) WALT HENRY (W6ZNI 



CAU DIRECT .USE AREA CODE 


11240 W Olympic, Los Angeles. Calif. 90064 213 477 6701 

93) N. Euclid. Anaheim. Calif. 92801 714 772 9200 

Butler, Missouri. 64730 816 679 3127 


“World's largest Distributor of Amateur Radio Equipment' 
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"Just 15 lousy lit 
tie milliemps'' 




ham shack 


Most of us don't think of ii very often—in 
fatt, not often enough—hut safety precau¬ 
tions in the ham shack are doggone im¬ 
portant. One careless move, and your call 
lei tors may be up for grabs fto someone 
who has more respect for the right way to 
do things). If people visit your shack, an 
unexpet ted slip, stumble, or fall might be 
more lhan just annoying or painful; it 
might slide someone into the hospital nr 
undertaker's, and you into a law-suit. 

Actually, there's nothing hard about 
safely precautions. Most are just good old 
common sense. Wire has insulation, pow- 
or supplies have covers, transmitter cabi¬ 
nets have interlocks, chassis have ground 
ports—all for a purpose: to keep the care¬ 
less or untrained out of danger. Many of 
I he simple safety devices on commercial 
equipment can he added to homebrew 
gear with very little trouble. A few cheap 
signs and a little thoughtful housekeeping 
around your shack will probably take care 
of most hazards. 


in the ham shack 


should be second nature 


to amateurs 


catastrophic results 


the protection racket 

There are three classes of people you've 
got to think of: You, who spends more 
time in there than anyone; your family, 
especially the ubiquitous kid brother for 
kid sister) who may sneak in while you're 
not around, and casual visitors, like girls 
(you remember, those high-pitched voices 
you sometimes hear on the air), or neigh- 






bors, or just family friends; all may be the 
inquisitive type who just can't resist touch¬ 
ing "all those cute little things" on the 
bench. 

Certain standard precautions will keep 
the last two groups out of most trouble. 
Just keep all of the hot stuff safely boxed 
up in tight, well grounded metal cases. 
The only thing that could bite 'em then 
would be an open transmission line. Big, 
red-lettered signs labeling open voltages 
are a warning to anyone who can read, 
but—judging from the number of people 
who have gotten needless rf burns in one 
shack we know of—not everyone does. 
Complete insulated shielding is the surest 
protector. 

Keeping all three classes of ham-shack 
inhabitants safe is your responsibility. 
Make a "safety inspection" of your own 
shack. Look for hazards you hadn't 
thought of, and clean 'em up. (f you don't 
find at least a couple of things that need 
fixing, it'll be unusual. 

no horseplay 

Talking about visitors brings up a seri¬ 
ous point: don't horse around with elec- 



"And there's the class II Idiot" 


tricity! We all know the type of guy who 
hands other people charged electrolytic 
capacitors, or touches them with hot wires 
and that kind of stuff, just to see them 
jump. Guys who do this are idiots. It's not 
only painful, but can have sobering con¬ 
sequences. If you give someone a playful 
jolt and he turns out to have a weak 
heart, you may find yourself trying to beat 
an involuntary manslaughter rap! 

And, there's the Class II Idiot. This is the 
guy who comes up behind you when you're 
working on a piece of gear with high volt¬ 
ages exposed and yells "Boo!" or jabs you 
in the ribs. Only once did either of us ever 
tell anyone to leave the shack and never 
come back, and that was one of these 
numbskulls. Fortunately, the jolt he caused 
was merely painful, but it wasn't funny. 
Working on anything with exposed high 
voltages, you're naturally tensed up and 
ready to jump anyhow. If you aren't, you 
should be. 

It's no place for you to show off, either. 
You'd best keep a healthy respect for the 
voltages and rf fields that abound. Don't 
try to prove you're a big smart operator 
who knows just how to play around live 
transmitters without getting killed. You 
only get one chance to be wrong. 

During World War II, we knew a young 
smart-alec ham in the Signal Corps who 
knew "all about transmitters." He worked 
around high-power transmitters and wore 
a finger ring. We told him to take it off, 
but he wouldn't. One day he reached into 
a 1-kW transmitter to "make an adjust¬ 
ment" with the soup still boiling. You know 
what happened when that ring got into 
the high-intensity rf field: the tank coil 
made an efficient rf heater. He came out a 
heck of a lot faster than he went in. He 
suddenly wanted that ring off. After the 
big blister had healed up, he did get it off 
and never put it back on. 

the shock treatment 

The danger of electric shock is the ham 
shack's worst hazard. Exactly what can 
cause shock is not as well understood as 
it should be. You gotta know what to 
watch out for if you plan to keep your 
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beam from being lowered to half-mast. 

This doesn't mean only novices, who 
might not know the different hazards. It 
also applies to the OM who's been lucky. 
He may have worked around the stuff so 
long without a jolt that he has gotten con¬ 
temptuous. Don't! 

How much "electricity" does it take to 
put you off the air permanently? Not your 
rig, but you! 2,000 volts? 5,000 volts? 110 
volts? 

Pick up a #47 pilot lamp. It draws 150 
mA at full brilliance. Only one-tenth of 
that through your heart can kill you. Just 
15 lousy little milliamps! You couldn't even 
let the bulb light up to a dull red glow be¬ 
fore you would become part of a "ground 
system" yourself (large conductive object, 
buried deep), 

Scare you? It should. It isn't voltage nec¬ 
essarily that kills; it's the current the volt¬ 
age can push through your body. Even the 
"lowly" 117 volts of ac house power can 
be astonishingly deadly, given an easy ac¬ 
cess to your body (through wet hands, wet 
feet, damp cement floor, grounded water 
pipe or chassis, and so on). Not all shock 
deaths in ham shacks come from trans¬ 
mitter high voltage. 

There's one thing a lot of hams forget. 
The ac line coming into your shack has 
two wires. The black one is hot, and the 
white one is grounded right outside the 
house, at the first utility pole, and at all 
the other poles—well grounded. The black 
wire, therefore, is always hot, with refer¬ 
ence to any grounded object, and that in¬ 
cludes you. You can light a 1,000-watt 
lamp from one wire (the hot one) merely 
by furnishing a ground for the other con¬ 
tact of the lamp. 

In 220-volt systems, the black and white 
wires are both hot, and a green wire is the 
ground (called neutral or common). In 
three-wire "safety" cords on a lot of newer 
tools, appliances, and the like, the black 
wire is hot, the white wire ground, and the 
third (green) wire goes to the round pin of 
the AC plug—for a separate ground, usual¬ 
ly to the metal case of the unit. However, 
don't put blind trust in color-coding! Even 
electricians make mistakes sometimes, and 


you might find wire-colors reversed. 

So, if you happen to be grounded, and 
touch a hot side of the ac line with one 
hand (even with the other one in your 
pocket, as the old saw goes), bang! Stand¬ 
ing on a dry wooden floor, you might get 
away with it. On a cement floor, on bare 
ground, or with any part of you touching 
a grounded object, look out. 

The basement shack is dangerous be¬ 
cause it usually has a cement floor. Even 
vinyl tiles or linoleum seldom help. Mois¬ 
ture works up between the tiles. 

There are two things that will help. One: 
put down a thick rubber runner or mat on 
the floor near your gear. Use one-piece 
stuff, without cracks. Don't trust wood; it 
absorbs moisture. Two: wear shoes with 
rubber or plastic insulating soles. Caution: 
if the soles are of the sponge or foam 
type, and you've been walking through 
water, look out—you've lost your protec¬ 
tion! 



High-energy rf voltages have the disconcerting 
ability to reach out and burn. 


A wooden-legged stool or chair is best 
for working or sitting. If you have a metal 
stool, put plastic cups on the ends of the 
legs. 

If you're working on ac-powered gear, 
the first thing to do is pul! the line plug, 
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and lay it on the bench where you Can see 
it. Also, be sure you pulled the right plug. 
Many's the ham who has gotten the whop 
knocked out of him by pulling the wrong 
plug and then grabbing a wire in the 
wrong place! 

hard-hitting dc 

Hams seem to pay attention to the dan¬ 
gers of high-voltage dc in their rigs. Right¬ 
ly so. It can be a dangerous source of 
electrical energy. Voltages range upward 
from 300 volts in receivers, up to 1,500-2,000 
volts in transmitters. In well designed pow¬ 
er supplies, shunting resistors across each 
electrolytic capacitor bleed off the voltage 
stored in the capacitors when power is 
turned off. They bleed it off if the resistors 
are good. You have no way of knowing, 
unless you check with a voltmeter. Don't 
put much faith in bleeders. A "shorting 
switch" may be provided to short high volt¬ 
age to ground when the cabinet is opened. 

If these devices work, okay. But the han¬ 
diest gadget you can have for working 
around lethal electrical energy is a sus¬ 
picious mind! Before you poke your little 
pink, uninsulated finger in there, check for 
residual voltages! 

long-reaching rf bite 

High-energy rf voltages have the discon¬ 
certing ability to reach out and burn you 
without your even contacting the circuits 
carrying them. Consequently, the inside of 
live transmitters, and the feed lines from 
them to the antenna, are places to keep 
your distance from. Coaxial cable is safest 
for the feed line, but it isn't feasible at 
some frequencies and with some kinds of 
transmitters. 

If you have a high-power rig with an 
open-wire antenna lead, you can put this 
line too high for anyone to reach. Or you 
can put a plastic cover over any exposed 
antenna wires, switches, etc. The antenna 
line itself can be ordinary automotive ig¬ 
nition wire. The insulation on this handles 
up to 25,000 volts, which will safely con¬ 
tain even a California kilowatt. It's even 
available with "pretty" bright-red plastic 
insulation, to dress up the shack. 


Under no circumstances use a metal 
screwdriver to make adjustments in high- 
power rf circuits. This is a real shock- 
hazard. Besides, metal screwdrivers detune 
rf circuits. Use insulated tuning tools or 
shaft extensions. 

protection from ufo’s 

That pretty well takes care of you, if you 
use your head. Now, how about the rest of 
the world, especially Kid Brothers and 
such? KB's are good at sneaking in and 
turning the whole thing on to show visiting 



Kid brothers aro good at sneaking in end turning 
the whole thing on to show visiting buddies. 


buddies. In fact, even a non-ham Pop isn't 
immune to that kind of temptation: "Look 
at this thing my kid builtl How about 
that? Lemme show you how it worksl" 

There's one way to make sure the Un¬ 
licensed Foolish Operator (UFO) can't get 
into trouble. Wire the rig to a separate ac 
power supply, and put a master switch on 
it. When this is turned off no power reaches 
the rig at all. 

This is easy to do, with heavy Romex 
wire and "surface" fittings. Use an en¬ 
closed switchbox with fuses inside and a 
lever-operated double-pole switch to open 
both sides of the line. These switches have 
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provisions for a small padlock to be 
slipped over the lever. The thing will be 
safe unless Kid Brother finds the key. So, 
keep it with you. If there is a spare, give 
it to Mom for safe-keeping; she won't let 
KB or Pop have itl 

safety and showmanship 

Back when most ham gear was home¬ 
brew (there weren't any kit companies), 
there was a lot of exposed wiring. Hay¬ 
wire "lashups" were common—wires going 
everywhere. Nowadays, a little ingenuity 
can make the shack look as smooth as a 
broadcast station. This is not only much 
better looking, but a whole lot safer for 
everyone concerned. It keeps the hot cir¬ 
cuits and wiring covered up. 

How? It's easy. Just put all the gadgets 
into boxes or behind panels. You can buy 
metal boxes in any size you can imagine. 
Power supplies, antenna couplers, pre¬ 
amps, modulators, or anything else, can 
be built into these boxes. If you have some 
unit that can't stand the added capaci¬ 
tance of a metal box—say, an antenna 
coupler—use a non-conductive box: ma¬ 
sonite, bakelite, acrylic, polystyrene. 

With nice professional-looking, neatly 
lettered panels on the front, your boxes can 
dress up the whole place! You can find 
knobs in any color or size that looks nice. 
Lettering has always been the hardest 
part. Now, you can buy lettering decals in 
black or white, in almost any size. They're 
simple to put on, and give the whole thing 
a neat touch. Also, you'll be surprised how 
much easier (and safer) the equipment is 
to use when all controls are labeled! 

If you have a chassis so goodlooking 
you hate to cover it up, use a clear plastic 
panel. Quarter-inch stock can be bought 
in almost any size sheet you need. (Try 
aircraft supply houses; plane windows are 
plastic. Or look around the boneyard at 
the airport; wrecked planes always have 
"lots of good parts.") Use black lettering 
on the clear plastic panel. For a final 
touch, turn the pilot light so it illuminates 
the chassis when it's turned on! 

With the stuff enclosed in boxes and 
panels, the shack looks a lot better. You 


also keep it safer, and the worst trouble a 
visitor is likely to experience is a bawling- 
out from you for fiddling with all those 
pretty knobs! 

safe and sane construction 

Commercial and kit gear is pretty well 
safety-ized; homebrew gear is something 
else, but it shouldn't be. When you build 
a new transmitter or receiver, if there are 
any voltages present higher than about 25 
volts dc, take precautions. There are a 
few simple steps that make any rig safer 
to use and work around. 

For one, be sure the ac power coming to 
the switch and power transformer of the 
rig is well protected. Mount a strong three- 
terminal strip just inside the chassis, and 
solder the ac cord solidly to the lugs, along 
with the leads for the power transformer 
primary and the switch. 

In transmitters, there are several con¬ 
trols to adjust for proper tuneup or load¬ 
ing. The shafts of some of these must be 
"hot"—for example, the small trimmer ca¬ 
pacitor across the final tank in the an¬ 
tenna circuit. When you mount such con¬ 
trols, situate them so you can use insulated 
extension shafts. Then you can make tune- 
up adjustments from outside, in perfect 
safety. You can get plastic tubing 16-18 
inches long that'll fit over a 1/4-inch shaft. 
All you have to do is slip the open end 
over the shaft and fix it there with a dab 
of epoxy-resin cement. Leave about an 
inch of the tubing sticking out, if the con¬ 
trol works easily, and you won't even need 
a knob. 

A new piece of gear usually starts out in 
breadboard style, even in fancy electron¬ 
ics labs. Temporary wiring, if done slop¬ 
pily, can be dangerous. To keep it safe, 
use well insulated wires, and make sure 
all power connections are tight (so they 
can't work loose and touch things they 
shouldn't). 

There's one good way to connect two 
wires together temporarily. Take a 6-inch 
piece of spaghetti large enough to slip over 
the insulation. Slide the spaghetti over one 
wire. Strip about 1/4-inch of insulation 
from the end of each wire, and solder a 
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smooth lap joint. When the solder sets, 
slip the spaghetti over it so the joint is 
right in the middle. When you're ready to 
put the thing into permanent form, slide 
the spaghetti back, and a tap with the hot 
soldering iron will open the joint. You can 
even put the spaghetti “back in stock" un¬ 
harmed. No waste at all I 

The lap joint is also useful for tempo¬ 
rary connections in the apparatus itself. 
Tack the wire end to the terminal lug 
solidly. Don't make a hook in the wire; let 
the solder do the holding. The joint will be 
safe and solid, but easily disconnected 
when you get the final design done. 

Exposed multiple-screw terminal strips on 
the back of a piece of gear might not 
seem particularly dangerous since they'll be 
well out of the way—or, will they? Try drop¬ 
ping a pencil or something down behind 
and then reaching for it. (Voice-Of-Experi- 
ence stuff again!) All those terminal strips 
can be covered up, either with plastic cov¬ 
ers bolted in place or with a wide piece of 
cloth-backed adhesive tape. The tape is a 
good temporary precaution during con¬ 
struction, as well. 

When you make interconnections be¬ 
tween units, make them safe. The best way 
is to make them plug in. A good source of 
cheap plugs and sockets is a junked TV 
chassis; octal tube sockets and old tube 
bases can give you enough plug/socket 
combinations to last a long time. One 
hint: when you hook these up, be sure the 
voltage source is connected to the female 
plug! This way, the contacts are out of 
reach. Never have voltage on a male plug, 
with its exposed pins; this is courting 
trouble. 

Safety in the ham shack is really simple 
and easy if you go at it in the right way. 
All it takes is a little common sense, some 
insulation and decent housekeeping. Keep 
the hot stuff well covered up, so the ignor¬ 
ant or uninitiated can't get their fingers 
into it. Keep the floors cleared so no one 
trips and breaks something (of yours or 
theirs). Practice looking for possible haz¬ 
ards, and then take precautions to make 
them harmless. 

ham radio 


RCA 

has all-new 
FCC 

commercial 

license 

training 


Get your license— 
or your money back! 

Now RCA Institutes Home Study Training has the 
FCC License preparation material you've been 
looking for—all-new, both the training you need, 
and the up-to-date methods you use at home—at 
your own speed—to train for the license you want! 

2 Convenient Payment Plans —You can pay for les¬ 
sons as you order them, or take advantage of easy 
monthly payment plan. Choose the FCC License 
you’re interested in—third, second or first phone. 
Take the course for the license you choose. If you 
need basic material first, apply for the complete 
License Training Program, 

SPECIAL TO AMATEURS . This course—while de¬ 
signed for Commercial license qualification — con¬ 
tains much of the new material called tor by FCC 
Docket 15928—advanced and extra class you’ll 
want to qualify tor before November of 1969 . QRX 
until you get the information. 


Mail coupon today for full details and a 64-page 
booklet telling you how RCA Institutes Home 
Training can show you the way to a new career— 
higher income—and your FCC License. 


i 

i 

i 

i 

i 



Dept. HR-39 

320 West 31st Street, New York, N.Y. 10001 

Please rush me, without obligation, information on 
your all-new FCC Commercial License training. 

Name_ 


Address_ 

City_State_Zl p 


i 

i 

i 

i 

i 
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versatile 

ic vox 


The many faceted 

/iL914 IC 
in a simple 
but effective 
microphone 
control circuit 




Using an inexpensive integrated circuit for 
stage functions, this vox unit can be added 
to any transmitter Operation is particularly 
stable and adjustment simple. If an antitrip 
stage is not needed, the circuit requires only 
two IC's and one transistor. 

An effective vox circuit should have 

1* Good sensitivity. 

2. Positive relay switching, 

3. Good antitnp action. 

4. Independence of the controls for 
overall sensitivity, an ti I rip sensi¬ 
tivity, and time delay. 

The unit described may not be the last 
word in vox performance, but considering its 
relatively simple circuit, it performs much 
better than many elaborate tube or transistor 
units. The switching action is positive, and it 
has none of the transient problems associated 
with many other circuits, particularly those 
using tubes. Ms construction and power sup¬ 
ply requirements are straightforward, H can 
be easily incorporated into an existing trans¬ 
mitter or built as an outboard unit for mobile 
or portable service. 
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The heart of the unit is several Fdirchild 
/*L914 integrated circuits. This versatile 1C 
costs less than a dollar from major supply 
houses and is fast becoming one of the most 
popular units for amateur use. In fact, you 
might say that it is the 6V6 of integrated cir¬ 
cuits. Part of this popularity derives from its 
basically simple internal circuit, fig. 1. The 
circuit is certainly simple compared to many 
other IC's, but this very simplicity allows it 
to be used, by varying its external connec¬ 
tions, for a wide variety of uses ranging from 
switching to amplifying circuits. Packaging 
four transistors inside the unit allows com¬ 
pact and economical circuit construction . 

The vox circuit illustrates the wide variety 
of uses for the mL 914. Even if you don't build 


tained directly at the microphone connec¬ 
tion. Alternatively, if this is inconvenient, 
another /*L914 amplifier stage can be added 
to the vox, with the sensitivity potentiometer 
connected between the two stages. 

The second ^L914 stage is an inhibit gate or 
switch for antitrip action. It prevents micro¬ 
phone pickup from the station loudspeaker 
from activating the vox circuit The antitrip 
reduces the vox's sensitivity to speaker signals 
by reducing the over-all vox gain. The second 
fx L914 performs this function in a unique 
manner. 

If the terminal connections for the ^L914 
are followed, it will be seen that one tran¬ 
sistor is an ordinary grounded-emitter ampli¬ 
fier. Another transistor is a shunting element, 
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fig. 1 . Internal circuit of the /i.L.914 integrated circuit. 


the vox, the circuits may inspire ideas for 
other applications. 

the circuit 

The complete vox circuit is shown in fig. 2. 
Three basic stages are used, each containing 
one mL 914—an input amplifier, inhibit gate, 
and delay generator. 

The audio input circuit is conventional. If 
you compare the terminal connections of the 
mL914 in fig. 2 with the actual /xL914 internal 
circuit of fig. 1 , you will see the amplifier 
consists of two tandem grounded-emitter 
stages. The capacitors at pins 1, 5 and 6 are 
not adequate for good speech reproduction 
(they should be 20 to 25 ^F), but this is not 
important for this particular application. 

The audio input can be taken from the first 
audio (microphone) amplifier stage in the 
transmitter, if sufficient level cannot be ob- 


with its collector and emitter across those of 
the first transistor. A positive control voltage 
applied to the base of the second transistor 
decreases its collector-emitter resistance and 
shunts the output. 

The control voltage is developed by simply 
rectifying part of the speaker voltage. As 
shown, a transformer (miniature transistor 
type) matches the speaker impedance. If an 
audio connection can be made at a high- 
impedance point, the transformer will not be 
necessary, and connection can be made di¬ 
rectly to the antitrip level potentiometer 
through a 1-^F capacitor. 

The entire vox unit can be considerably 
simplified if the antitrip feature is not re¬ 
quired. In home stations where the micro¬ 
phone gain is run fairly high and loudspeaker 
operation is used, antitrip is required. In situ¬ 
ations where the microphone gain is run low 
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fig. 2. Schematic of the 1C vox; each integrated circuit is a ^L914. The relay is a Dunco MMR2AM. 


and the microphone held closely to the lips, 
antitrip is often unnecessary, even with loud¬ 
speaker operation. If antitrip is not needed, 
the second /*L914 can be eliminated, and the 
arm of the 10k sensitivity potentiometer con¬ 
nected to the left side of the 5-/xF capacitor 
that is connected to terminal 7 of the second 
ML914. 

The third /uL914 is connected as a form of 
monostable vibrator. A positive input pulse 
produces a positive output pulse. The rectifier 
circuit between pin 7 of the second /xL914 
and pin 2 of the third fx L914 provides the 
positive input pulse. The output pulse re¬ 
mains positive for a period after the input 
pulse has decayed; this is determined by the 
time constant provided by the 100k potentio¬ 
meter and 500 -mF capacitor. A maximum de¬ 
lay of about 3 seconds is possible, although 
this can be increased as desired by increas¬ 
ing the capacitor value. 

The output pulse from the delay generator 
controls the 2N3641 switch, which in turn 


activates the relay coil. The relay contacts are 
connected across the transmitter push-to-talk 
circuit contacts. The relay can be almost any 
low-coil-resistance type that works on 3 to 6 
volts. 

construction 

Actual construction depends upon how the 
vox unit will be used. If used as an outboard 
unit, it should be placed in a shielded en¬ 
closure. In general there is nothing critical 
about the wiring. 

The photo shows how the components 
can be easily assembled on a piece of Vector 
board. The potentiometers can be either 
mounted on a separate control panel, or 
miniature PC types can be mounted directly 
on the Vector board if frequent readjustments 
are not made. In fact, for a stable situation 
with specific equipment, they can be re¬ 
placed with fixed resistors. A suggested parts 
layout is shown in the photo, but any similar 
arrangement can be used. The /xL914 terminal 
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numbering in Jig. 1 should be carefully noted. 
The index mark denotes terminal 8, and not 
terminal 1, 

Other types of integrated circuit "dual 2 - 
input NAND/NOR gates"' may be usable in 
place of the mL 914, but the specifications for 
their internal values should be carefully 
checked to see that they generally corre¬ 
spond to the mL914. 

The vox may be battery powered from D 
cells or operated through a voltage divider 
circuit from a tow-level dc source in the 
transmitter If battery operated in a mobile 
station, a zener voltage regulator is desirable 
to prevent vollage fluctuations from changing 
the time delay, 

summary 

Adjustment is quite simple. If the antitnp 
stage is not used, the sensitivity control is 
set for lhe microphone level at which you 
want the transmitter to be turned on. The 
time delay is adjusted for the desired pause 
period between words until the vox disables 
the transmitter. If the antilrip feature is used, 
the procedure described above should be 
followed with the speaker volume turned 
down The speaker volume is then turned up 
and the anti trip level adjusted so the speaker 
output does not actrvate the vox. Control in¬ 
teraction is nil. 

A further interesting use to which the vox 
unit can be put is lo add cw operation to a 
ssb-only transceiver. A keyed audio tone is 
fed to the transmitter audio rnpul and the 
vox unit. The vox then acts as a cw break-in 
circuit with an adjustable lime delay. One 
important precaution that must be observed, 
however, is that the tone be of a single fre¬ 
quency and as pure as possible. The output 
of any tone oscillator used should be checked 
on an oscilloscope. Through suitable ampli¬ 
fier circuits, the keyed tone can also serve as 
a sidetone for monitoring the keying. 

A final word of caution concerning han¬ 
dling the mL 914 is in order. Although it will 
withstand considerable environmental ex¬ 
tremes, the ^1914 can be easily ruined by ex¬ 
cessive terminal heat or incorrect supply volt¬ 
ages. The same precautions applicable to all 
transistor circuits should be observed. 

ham radio 



NOISE BLANKER 

FOR THE SWAN 250 

Westcom Engineering is now offering the TNB 
Noise Blanker in a version specifically designed 
for use with the Swan 250 transceiver. 

The TNB-250 Noise Blanker effectively sup¬ 
presses noise generated by auto ignitions, 
appliances, power Sines, etc., permitting the 
recovery of weak DX and scatter signals norm¬ 
ally lost in noise. 

Features include modern solid state design 
techniques utilizing dual-gate MGS FET transis¬ 
tors and two stages of IF noise clipping for the 
efficient removal Of impulse noise at the trans¬ 
ceiver IF frequency. The use Of MOS FETs and 
a special gam controlled amplifier circuit pro¬ 
vide excellent cross^modulation characteristics 
in strong signal locations. 


TNB-250 shown installed on Swan 250 by means 
ot the prepunched accessory holes, 

TNB-250 $29,95 ppd. 

(Priced well below that of a VOX accessory. 
Can you afford not have one?) 

Model TNB Noise Blanker, designed to operate 
with VHP converters, by connecting in the coax 
between converter and receiver. 


-NOISE BLANKER 

A WESTCOM 
f V wnm nw coifi 

.i. 


_ 




Choice of 12 18, 100-140, or 125 160 VOC, RCA 
phono or BNC connectors. Specify for 40, 20, 
or 10 meter converter output. 

Model TNB $29.95 ppd. 

Refer to the New Products column of the 
August '68 issue of Ham Radio Magazine for 
additional information on the TNB Noise 
Blanker or write for technical brochure. 


Prepa<d orders shipped 
Mail add $80) COD, 
$5.00 deposit. Califom 
tax. 


ihipped postpaid, {For fast Air 
C.G.D, orders accepted with 
California residents add sales 


All products are warranted for one year and 
offered on a satisfaction guaranteed or return 
basis. 


WESTCOM 


ENGINEERING COMPANY 


P, 0. Box 1504 San Diego, Cab 92112 




march 1969 


53 














Buy your new Hammarlund 
receiver this spring... 


and we’ll throw in a free 
matching speaker. 



See your 

Hammarlund dealer 
lor full details* 


During March and April, Hammarlund wifi give you free an extended range speaker 
in matching cabinet, with the purchase of any new Hammarlund receiver 



H<M10A*VHT 



HO 1«0A 




H 0-145 A 


MODEL HG-110A-VHF 

11 tube dual can version, ax tr a wide 
range race ever Two to ISO meters 
m seven bands - ell built ini 

MODEL HQ 145A 

Tan tuba dual conversion general 
coverage recover. 540 KHi to 30 MHi 
in five bands, foaluring exclusive 
crystal and slot fillet selectivity. 

MODEL HO-ISO A 

Ten to ISO meter ■ In a superlative 
17'tube triple conversion general 
coverage receiver with 11 near product 
delector selectable sideband, and 
vernier if passband tuning for 
unequated 5S0 reception 

BRAND NEW MODEL HQ-200 

Versatile general coverage receiver. 
540 KHz io 30 MHi in live bands, 
expanded ham band spread $$B 
product detector, variable R F 0„ 
Zener diode regulation lor superb 
stability. 

MODEL HQ 205 

The transceiver which mcorporales 
a general cover age receiver. 
Five-walls an CB or IQ-matera in $ 
cryalti(-controlfed transmitter 
channel a Ptu* 540 KHz lo 30 MHz 
and ham bandsprrsad. 



HQ-200 


MODEL HQ-215 

AN solid-slate communications 
receiver Unequalled sensitivity, 
seloclivity and stability on 10. 15. 20. 
40 and -60 rtieters. Provision for T3 
additional 200 KHi segmenis for 
general coverage adaptability with 
co m rti unicalions receiver q u n 11 ty. 




f. j in Wish rtt MW 


The HRmmRRLUND 

Manufacturing Company Incorporated 

A subsidiary of f leeTronic Assistance Corporation 
73-80 Hammarlund Drive. Mars Hill, North Carolina 28754 
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propagation 
predictions for march 


Let the reader beware; I am in the process of 
modifying the computer program used to 
derive the maximum range charts for this 
column. The first step (incorporated in the 
February column) was the conversion of dis¬ 
tances from kilometers to statute miles (pre¬ 
viously done after the chart was drawn). The 
only change you will notice is that the mini¬ 
mum range is now 1000 miles instead of 
1000 km (625 miles). The problem: new ''re¬ 
fined" formulas may cause a greater change 
in predictions between months than is actual¬ 
ly present. Next month 160 meters will leave 
the charts. 

Predictions of sporadic-E activity may de¬ 
servedly cause you to entertain some reserved 
skepticism. Looking back on December 1968, 
not only were there no two-meter sporadic-E 
openings reported (in the Northern Hemi¬ 
sphere), but six meters didn't fare well by 
sporadic-E either. However, ZK1AA in the 
Cook Islands moved his beacon to 50.100 
MHz, and 1 have reports of it being heard in 
Southern California on December 5, 7, 9, 10, 
21, 22 and 29, generally between 1400 and 
1530 or between 1830 and 1930 pst. 

maximum usable frequencies 

It is expected that solar activity will con¬ 
tinue its very slow descent from its peak in 

* 

1968. The small change of smoothed sunspot 
numbers from last March (103 for March 
1968, 98 for March 1969) may only be noticed 


I by 50 MHz operators, and an increase in the 
number of ionospheric disturbances could 
result in even more openings. The most like¬ 
ly 50-MHz openings during March and April 



K 1. Maximum usable frequencies (F2 layer) scaled 
C from vertical incidence ionograms taken at Point 
Arguello, California between March 1 and March 31, 
1968 compared with magnetic activity. 
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PATH LOSS RELATIVE TO FREE SPACE 



2. Variation of path toss with frequency for trans- 
equatoriai propagation between Oahu, Hawaii and 
Raratonga, Cook Islands, during March 1968. 

will be by transequatorial forward scatter (for 
Southern United States) and by aurora (for 
Northern United States) during the evening 
hours. 

Maximum usable frequencies during March 
1969 will probably be within a few percent 
of those of March 1968. I have scaled vertical- 
incidence ionograms taken at Point Arguello, 
California (35.5° N. latitude) during March 
1968 to determine the muf for the maximum 


4. Maximum range due to absorption and noise vs 
local time from 38° N. Latitude to the north. 


one-hop distance for a path with the control 
point at that latitude. The muf's at 0500, 1300 
and 2100 local time (pst) are indicated for 
each day of the month in fig. 1. The median 
muf's predicted by ITS for a 4000 km path 
were 14.8, 36 and 20.5 MHz, respectively. 

It appears that ITS overestimated night¬ 
time muf's and underestimated daytime 
muf's. The predawn minimum of F2-!ayer 
critical frequencies occurs near 0500. The 


3. Time chart of predict¬ 
ed median muf for March 
1969 based on 90° W. 
Longitude. 
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MAXIMUM RANGE (MILES) 


30k 


NE 0 £ A 6 8 10 12 IA 16 16 BO 2B BA 

NW BA BB BO 18 16 IA IB 10 8 6 A BO 

LOCAL TIME 

5. Maximum range due to absorption and noise vs 
local time from 38° N. Latitude to the northeast (top 
time scale) and the northwest (bottom time scale). 



LOCAL TIME 


6. Maximum range due to absorption and noise vs 
local time from 38° N. Latitude to the east (top time 
scale) and to the west (bottom time scale). 





7. Maximum range due to absorption and noise vs 
local time from 38° N. Latitude to the southeast (top 
time scale) and the southwest (bottom time scale). 


8. Maximum range due to absorption and noise vs 
local time from 38° N. Latitude to south. 
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how to use these propagation charts 


1. To find the maximum usable frequency for 
F2-layer propagation for distances of 2500 miles 
or more in any direction, read the frequency at 
your control point from the muf time chart. 
Your control point is 1200 miles away from 
your station in the direction of the propagation; 
this is about an 18-degree difference in latitude 
for a north-south path, or IVa hours difference 
in time for an east-west path. The muf time 
chart may be treated as an muf contour map in 
the longitude interval between 45° W. and 135° 
W. As such, each hour is the equivalent of 15° 
of longitude. A map drawn to the same scale 
could be overlayed and positioned to the right 
or left to show the variation of the muf contour 
map with time. 

2. Over any particular path involving more 
than one hop, the path is the lower of yours 
and the other station’s control-point muf. 
Curved lines may be drawn on the overlay rep¬ 
resenting the great circle path, as found from 
a globe or “Ionospheric Radio Propagation,” 
printed by the U. $. Government Printing Office. 

3. To find the maximum propagation distance 
as limited by ionospheric absorption and at¬ 
mospheric noise, refer to the maximum range 
charts for the directions you wish to work. 
Note that the time scales are reversed for 
westward propagation. These curves are based 
on unity signal-to-noise ratio in a 6-kHz band¬ 


width with 100 watts output power and antenna 
gains (over an isotrope) of 6 dB for 20 meters, 
0 dB for 40 meters, and —6 dB for 80 meters 
at each station. 

The muf time chart was derived from “Iono¬ 
spheric Predictions” for a longitude of 90° W. 
These predictions are published monthly by 
the Institute for Telecommunications Sciences 
(ITS), Boulder, Colorado and available through 
the U. S. Government Printing Office. The 
maximum distance curves were derived from 
consideration of atmospheric noise levels (from 
CCIR report 322) and calculated path losses at 
fixed distances in each direction from 38° N. 
latitude. Some minor differences in maximum 
range would be noted due to change in absorp¬ 
tion for stations located between 26° N. and 
50° N. latitude. Somewhat greater ranges 
would be expected over paths further from the 
subsolar point (more northerly latitudes). 

The predictions given in this column are for 
median conditions. On any particular day, 
muf's may be as much as 10% higher or lower 
than the median. Absorption and noise levels, 
particularly on the lower amateur bands may 
be as much as 10 dB different from the median. 
Residential noise levels (from electrical lines, 
appliances and vehicular traffic) may, and fre¬ 
quently will, be tens of decibels stronger than 
atmospheric noise. 


highest muf's occur near 1300 or somewhat 
thereafter. Prime operating time (for those 
who work days) is near 2100, which also hap¬ 
pens to be in the middle of the transequatori- 
al scatter period (not evident on soundings 
this far north). Note a decrease in daytime 
muf's as the month progresses, and an in¬ 
crease in nighttime muf's. The lower curve is 
of the magnetic activity index Ap. 

effect of magnetic storms 

Magnetic storms occured between March 
3, 0700 and March 6, 0100; March 9, 2300 and 
March 11, 1200; March 14, 0200 and March 
17, 2000; March 23, 0700 and March 27, 1100; 
March 29, 0200 and March 31, 0000; and 
March 31, 0300 to April 1, 2300 (gmt). The 
most obvious effect of the magnetic distur¬ 


bances was to lower the 1300 and 2100 muf's. 
The predawn muf's were affected to a much 
smaller degree. One effect noted on the 
nighttime ionograms during the storms at the 
middle and end of the month was spread-F, 
a time-delay spread echo from ionospheric 
irregularities, i.e., the ionosphere no longer 
behaved like a smooth reflecting surface. 

transequatorial propagation 

Transequatorial scatter propagation in¬ 
volves oblique reflection from F-region irre¬ 
gularities near the magnetic equator. Trans¬ 
equatorial propagation (TE) may occur at 
frequencies at least twice as high as the muf 
for regular ionospheric refraction. The signal 
is often spread in time delay and undergoes 
Doppler shifts that correspond to reflection 
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from equatorial F-region irregularities drifting 
east-west as fast as 330 mph. Fig. 2 shows the 
variation of minimum path loss with frequen¬ 
cy for TE propagation between Oahu, 
Hawaii, and Raratonga, Cook Islands, during 
March 1968. Peak signal levels occured be¬ 
tween 2100 and 2200 local time. For refer¬ 
ence, well-equipped amateur radio stations 
could probably communicate with a path 
loss of 50 to 60 dB in excess of free-space 
loss at this distance. 

In view of the preceding, and infrequent 
propagation at 108 MHz, it appears that 144- 
MHz TE is somewhat beyond the range of 
amateur radio capabilities. However, the 
same has been said of 220-MHz meteor scat¬ 
ter and 432-MHz aurora. 

seasonal changes 

As the vernal equinox (March 21) ap¬ 
proaches, the effect of geomagnetic control 
on the F2 layer becomes more evident in the 
muf time chart, fig. 3. At 90° W. longitude, 
the muf contours are centered on the geo¬ 
magnetic equator, about 9° to the south of 
the geographic equator. Seasonal changes 
from earlier months are; 

1. Higher noise levels; 80- and 160-meter 
noise levels at midnight are expected to be 
up an average of 8 dB during Spring. 

2. Lower daytime F2-layer muf's in north 
temperate latitudes, especially during morn¬ 
ing hours, possibly higher F2-layer muf's dur¬ 
ing midafternoon in tropical latitudes. 

3. Higher nighttime F2-layer muf's with fif¬ 
teen meters being open as late as 2200 local 
time and twenty meters staying open all night 
during the latter part of the month for 
southerly paths. 

4. Higher absorption during daytime in the 
Northern Hemisphere. 

5. Polar paths will be increasingly difficult on 
21 and 28 MHz as the muf contours move 
southward. 

Optimum conditions are expected for con¬ 
tacts between Northern and Southern Hemi¬ 
spheres. 

ham radio 




... so I sez to him look . . . 
you want your signal to get out, 
you gotta get it up in the air . . . 
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This is probably 
as far-sighted 
as you can get, 
but it’s a challenge 
to the imagination 
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Have you noticed the publication explosion 
that's taken place recently in elecitonics? 
Next lime you're at your favorite parts sup¬ 
ply house take a look at the book rack. 
The numlser of books and periodicals de¬ 
voted to solid-state technology is stagger¬ 
ing, You really have to dig way back into 
the dust bin to find an article on the ap¬ 
plication of a 6AK5 in a vhf preamp, for 
example, indeed, it seems rather pointless 
to fool with any vacuum tube unless it's re¬ 
quired for developing large amounts of rf 
power. We may as well face the facts: the 
vacuum tube is going the way of such 
quaint items as the razor strop and the 
silver fifty-cent piece. 

Its hard to find any electronic circuit 
that hasn't been adapted to solid-state de¬ 
vices. Tor example, a recent issue of one 
popular amateur electronics magazine 
had a total of nine articles involving the 
use of solid-state devices but only one that 
used vacuum tubes. So it's a healthy sign: 
amateurs certainly aren't dragging their feet 

One area of technological advancement 
in electronics that hasn't made much of an 
appearance rn the amateur field is the 
computer. During (he past ten years the 
computer has developed into a powerful 
too! for business, industry, education, and 
[he government. All our lives are affected 
by the computer. If anyone doubts this, all 
he has to do is try to get a gasoline credit 
card cancelled. One fellow spent aboul 
five bucks in stamps and telegrams trying 
to do this, and he finally gave up. Business 

The Digital Equipment Corporation’s PDP-fl/S com¬ 
puter sells tor under 510,000. The basic system in¬ 
cludes 40% words of 12-bit memory and is capable of 
real-time, on-line computation. 
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is so automated these days it's somewhat 
frightening. However, I have no doubt that 
the future will bring forth a computer that 
will not only read handwriting, but will 
sass you right back in your own language. 
In fact, right now it's possible to talk to 
computers in a rather crude way—but 
more of this later. 

The big question is, what effect, if any, 
will the computer have on amateur radio? 
I'd like to theorize a little and consider 
some of the implications of the computer. 
Computers are already being used in ama¬ 
teur radio. For example, some ham organi¬ 
zations and equipment manufacturers use 
them to take the drudgery out of book¬ 
keeping, and there are many other ap¬ 
plications. This is pretty indirect, but valid. 

There's been a lot of mystery surround¬ 
ing the computer, mostly in the minds of the 
lay public. You hear all sorts of remarks such 
as "thinking machine," or "electronic brain," 
etc. Well, first of all I'd like to set the rec¬ 
ord straight. The digital computer is not a 
thinking machine, nor is it any kind of 
brain. As a matter of fact, the computer 
is a charter member of the idiot squad. 
It's stupid. It can only do what it's told. 
Furthermore, if it's not told correctly, all 
kinds of problems can develop. For exam¬ 
ple, the IBM 7090 general-purpose comput¬ 
er costs something like $500 an hour to 
operate, depending on the amount of pe¬ 
ripheral equipment. If the machine isn't pro¬ 
grammed properly it's possible to run up a 
pretty fair-sized tab. However, these ma¬ 
chines have time-limit instructions in their 
soft-ware to circumvent loops or system- 
oriented problems. 

Stated simply, a digital computer is 
nothing more than a sophisticated calcula¬ 
tor with a memory, input/output (I/O) and 
peripheral equipment. The I/O consists of 
some means of communicating with the 
computer (input) and a means of obtaining 
computation results (output). Input could be 
punched cards, magnetic tape, or even a 
graph, depending on the machine. Output 
can consist of printed listings, cards, tape, 
or graphs. 

You must learn a new language to com¬ 
municate with the computer. Because these 


machines use on/off circuits, ordinary 
numbers as we use them have to be trans¬ 
lated into the binary system. There are 
many books on binary arithmetic, so I 
won't go into an explanation. 

However, it's pretty clear that, if the ma¬ 
chine can be in either an "on" or "off" 
state, it can't very well handle numbers 
whose base is ten. Furthermore, the digital 
computer does nothing more than the four 
basic operations of arithmetic: add, mul¬ 
tiply, divide, and subtract. And this is 
where the programmer comes into the pic¬ 
ture. It's his job to translate complex 
mathematics into combinations of these 
basic operations. 

computer development 

The computer industry is young, and in 
the past ten years fantastic changes have 
taken place. Computers have undergone 
the same technological changes we have 
seen in ham gear. Early computers used 
relays, then tubes. Most recent machines 
are fully transistorized, and the newer 
units use integrated circuits. The use of in¬ 
tegrated circuits has drastically reduced 
computer costs. You can now buy a com¬ 
plete computer for under $10,000. The 
$5,000 mark has just been made, and no 
doubt the future will eventually see a 
$1,000 machine. Already several small edu¬ 
cational computers are selling for several 
thousand dollars. When we start talking in 
the lower price ranges, the feasibility of a 
computer in the ham shack doesn't sound 
too fantastic. 

Just how could the computer be used? 
Since computers work exclusively with 
codes and pulses, their greatest applica¬ 
tion appears to be in the area of CW and 
RTTY. I'll list a few of the possibilities, 
keeping in mind that the computer is a 
versatile device with an extensive memory 
and can be programmed to do almost 
anything. 

cw keyer 

The computer could be used as an auto¬ 
matic CW keyer. The I/O typewriter would 
be used, as in teletype operation, to send 
the letters and numbers. The computer pro¬ 
gram would recognize the code generated 
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by the I/O typewriter and would, in turn, 
generate the appropriate dots and dashes 
to drive or key the transmitter. The pro¬ 
gram could be written to include a speed- 
selection feature wherein the desired out¬ 
put speed would be selected before sending 
by typing in the desired speed. The control 
program would recognize the speed and 
set up circuits to generate code at the se¬ 
lected speed. Naturally, this feature would 
be limited according to the operator's typ¬ 
ing speed. 


goodbye code practice 

With the help of some special external 
circuits, the computer could also be used 
to receive conventional CW signals, inter¬ 
pret them and type them out on the I/O 
typewriter. The external circuits are needed 
to compensate for the wide variations in 
speed, spacing, and dot-dash length ratio. 
This is really a beautiful application since 
it would ensure a perfect, typed copy for 
every radio contact with no operator CW 
skill required. 


fig. 1. Block diagram of a 
computer controlled amateur 
station. 
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The use of the computer merely as an 
automatic keyer doesn't really tax its ca¬ 
pabilities at all. The computer's extensive 
memory would permit storage of complete 
words and sentences that could be called 
for by the operator from the keyboard. It 
would make the ultimate CQ wheel. In fact, 
entire conversations could be canned, in¬ 
cluding CQ and the initial response with 
name, signal report and location. All in¬ 
formation would be stored as part of a 
master control program before the contact. 
Then the operator could call for this in¬ 
formation when needed by simply typing 
in the proper message on the I/O type¬ 
writer. How about that? Almost takes the 
joy out of living. 


rtty 

Because of the wide versatility of the 
computer's logic circuits, it could also gen¬ 
erate standard RTTY signals without addi¬ 
tional hardware. Only a special program 
would be needed. Of course, the fsk or 
afsk modulator would be external. Having 
a computer in the ham shack would mean 
a total CW-RTTY capability in one pack¬ 
age. And with the proper control program, 
the computer could perform CW-to-RTTY 
and RTTY-to-CW conversions so that the 
two modes could cross-communicate. 

automated log-keeper 

The computer is a willing worker and is 
quite adept at such routine jobs as book- 
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keeping or record keeping. With proper pro¬ 
gramming, it could perform the job of an 
automatic log keeper. During a computer 
contact, the operator would enter pertinent 
data such as dates, times, power, fre¬ 
quency and other required log information 
via the I/O typewriter. During the contact, 
this data would be stored along with that 
accumulated during the contact such as 
name, location, signal report, etc. All data 
would be stored during the day's opera¬ 
tion. At the end of the day, the operator 
would simply call for a log printout, and 
the I/O typewriter would type out all log 
data in a predetermined format under the 
direction of the control program. The log 
printout could be filed, as required by law. 

qsl monitor 

If the computer's memory system was ex¬ 
tensive enough, it could store information 
from the callbook, and upon completion of 
a contact it would automatically type out 
a QSL. Oh—too much. 

contests 

The automatic capability and record¬ 
storing feature of the computer would real¬ 
ly be a boon to contest operators. In fact, 
the computer could conceivably carry out 
the whole contest alone if programmed 
properly. It would send and answer CQ's 
and exchange contest information. It could 
keep track of the station's call, contact 
number, and section worked and do cross¬ 
checking and log keeping. When it was all 
over, the operator would call for a log 
dump on the I/O typewriter. Out would 
come a neatly typed, complete log of all 
contest activity. Fantastic? But entirely 
feasible. Contest scores by computer should 
be sky-high. 

Carrying this a bit further, when you're 
in your car on the way home from work 
the night of the contest, you could push 
a button on the dash and get the whole 
shebang into operation precisely at the 
moment of contest start. Then you could go 
into the house, take a leisurely shower, sort 
out your mail (who needs mail with com¬ 
puters around?), have dinner, read the 
latest issue of ham radio (which by this 


time would be a printout) and wander out 
to the shack to see what's going on.* 

as a mechanized operator 

The computer can also be used to con¬ 
trol and monitor the operation of other 
equipment in the shack such as the re¬ 
ceiver and transmitter. In fact, if proper 
circuits in these units were made avail¬ 
able, the entire station could be set up 
from the computer. The transmission mode 
(CW, RTTY) and frequency of transmitter 
and receiver could be set up by just typing 
in the desired information. 

Computer output pulses would control 
circuits in the receiver and transmitter to 
set the mode and frequency desired. An¬ 
other example would be where the com¬ 
puter would recognize the location of your 
man during the contact, compute the dis¬ 
tance to the station and its local time, 
then type out this information for you. The 
bearing angle would also be calculated 
under computer control. 

the qsl bureau 

The problem of exchanging QSL's could 
be simplified and improved if put under a 
computer system. One large central QSL 
bureau could be established with a com¬ 
puter to keep track of incoming and out¬ 
going cards. Instead of the usual colorful 
printed QSL's, confirmations could be a 
punch card. While not as individualistic 
and colorful, the confirmation would be 
just as valid and easier for a computer to 
handle. Much of the usual paperwork 
headache associated with QSL bureaus 
could be delegated to the computer. 

I've only mentioned a few items here for 
consideration. 1 think they illustrate the 
point well. But by no means do they repre¬ 
sent the entire capability of a computer for 
ham applications. 

Many of you will read this article with 
some skepticism, and I don't blame you. 
It does all sound a little farfetched. The 
amazing thing about it, though, is that it's 

* You'd better have on a padded suit, because the 
rascal could very well reach out and backhand you 
for not kissing it goodbye before leaving for work 
that morning. Editor 
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all entirely possible today with existing 
technology. All it takes is money and ini¬ 
tiative. 

A small computer could be purchased 
outright for about $10,000 to $15,000. It 
could then be interfaced with the other 
units as shown in fig- 2. The nature of the 
interface electronics would depend on 
what you want to do with the computer. 
Then comes the tough part—writing the 
control program. Because of the versatility, 
you could program almost anything. For 
about $15,000 and a little time, study and 
effort, you could own a complete computer- 
controlled station, TODAY! Who will be the 
first? 

One nice feature about a computer-con¬ 
trolled station is that when you're not 
hamming you can use the computer for 
other applications. Bear in mind the com¬ 
puter is a general-purpose unit that can be 
programmed to do almost anything. You 
could use it to maintain a budget, keep 
your bank account up-to-date, keep track 
of charge accounts and figure your income 
tax. You could use it to estimate your 
chances with a given horse race or a stock 
on the securities market, and your wife 
could use it for keeping track of addresses, 
telephone numbers and Bridge scores. The 
applications are unlimited. Perhaps now 
we could justify the cost. 

Within the next several years, computers 
will decrease in cost, and knowledge of 
their use will be more widespread. The 
computer will probably be just like the tele¬ 
phone. Each home will have one, and 
everyone will know how to use it. 

the last word 

One of the most significant recent de¬ 
velopments in the computer field is time¬ 
sharing. This is a process where one large 
computer is used to serve many individuals 
concurrently. Since large, powerful com¬ 
puters are still very expensive, they can't 
generally be afforded by small businesses 
and individuals. But occasionally, the ser¬ 
vices of the larger computer are needed. 
Timesharing makes it possible. Each user 
in a timesharing system has a small, in¬ 
expensive I/O terminal, much like the type¬ 


writer unit shown in fig. 2, at his home or 
place of business. The computer is located 
at some central and convenient point, and 
the user communicates with the computer 
via the telephone lines with his I/O ter¬ 
minal. 

Timesharing places the computing power 
of a large computer in the hands of a 
number of users. Since the computer is 
shared, the cost is divided among them, 
making the price of computing very low. 
In fact, it's so low that in the near future 
all of us will probably have a timesharing 
I/O unit in our homes. As timesharing 
equipment and programming techniques 
are improved, their cost will no doubt be¬ 
come lower. 

It doesn't seem as though ham radio 
and timesharing go together though, does 
it? However, there are possibilities. Why 
not ham-station control by timesharing? 
The cost would probably be cheaper than 
buying a complete computer. Our control 
program would be stored in the main com¬ 
puter, and because of the vast power of 
this larger computer it could be a very ex¬ 
tensive and sophisticated program per¬ 
mitting features too complex for a smaller 
computer. 

Perhaps we could set up a system where 
we could communicate with the central 
computer by radio rather than by the tele¬ 
phone lines. Timesharing by radio would 
be faster and cheaper, since there would 
be no charge for the telephone lines. Such 
a timesharing system could be set up for 
hams. Then we could all use it for ham- 
station control or any other application. 
A computer system like this, coupled with a 
satellite system, would put a fantastic 
communications capability in our hands. 

It is not a question of technical feasibil¬ 
ity, but rather of whether we should do it 
at all. Is it just too fantastic? We could do 
it right now. But maybe you don't want a 
computer to operate your station even if 
you could afford it. Then again, the pres¬ 
tige and convenience may be just what 
you are looking for. Besides, you will still 
operate the station yourself by controlling 
the computer. Or would you? 

ham radio 
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Please don’t call it a TRANSCEIVER.. 


Some people don't like transceivers. Too 
much compromise, they claim , „ . only sepa* 
rate transmitters and receivers can deliver 
really top-notch performance under ail con¬ 
ditions * . . 

Pretty hard to argue that point ... UP UN 
TIL NOW! 


range, AGO merit, VFO smoothness, inter 
ference rejection . . , 

COMPARE the CX7 with any transmitter 
for continuous power output in ah modes, 
P.A. ruggedness, crisp audio punch, low 
distortion, instant CW break*in and spotting, 
quick band-change . * . 


BUT NOW ... SIGNAL/ONE brin,. you .he COMPARE .he CX7 wkh eny uenseei™, 

DELUXE INTEGRATED STATION .... <° r M,al "" and y ' *" aX ”*™ 

, - - flexibility of its dual channel system . . , the 

. * , more performance than any transmitter/ 


. , , . , convenience of its completely self'Contained 

/receiver combination 

*, * more convenience than any transceiver desl9n ‘ 

unprecedented versatility L , 

CONSIDER the CX7 s incomparable fre* 

WHATEVER YOUR CHOICE IN THE q ueflc V coverage and readout precision . . . 


PAST . .. 

COMPARE IT POINT-BY-POINT with 
the NO COMPROMISE CX7 . , . 

COMPARE the CX7 with any receiver for 
sensitivity, selectivity options, dynamic 


aerospace bred excellence in engineering 
and craftsmanship . . - built-in "extras" . * . 
overall versatility « * * 

"ft Speaks for itself" 

a/gnaf/nne 

A Division of ECE (An NCR Subsidiary) 


2200 Anvil Street N . * St. Petersburg, Florida 33710 
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repairing high-voltage 

transformers 


The plate voltage transformer is pretty 
much taken for granted by most hams. It 
represents a pretty large initial investment 
and is expected to perform dependably 
with no servicing other than general clean¬ 
ing and removal of accumulated dust. A 
transformer rated to provide power for a 
kilowatt rig can cost anywhere from about 
$40.00 to over $100.00, depending on how 
much horse trading you're willing to do. It 
is therefore not unreasonable to expect 
trouble-free operation of the device, pro¬ 
viding the usual overload circuits are in¬ 
corporated in its installation. 

Despite good installation practice it's 
possible for power transformers to fail, 
sometimes for no apparent reason. Regard¬ 
less of whether the transformer is a second¬ 
hand pole pig obtained from the power 
company, or a brand-new one from a well- 
known manufacturer, there is no absolute 
guarantee that something can't happen to 
cause a failure (Murphy's third law). 

I have had two sad experiences with 
large power transformers. Both are com¬ 
mercially made units bought from reputa¬ 
ble firms. The first failed as a result of 
rectifier tube flashback, and the second 
just plain short circuited in the secondary. 
Both problems occurred despite overload 
protection circuits. Each transformer was 
enclosed in a steel case, and each was 
wound with the secondary over the pri¬ 
mary. One was even impregnated with tar. 
The tar is supposed to protect the wind¬ 
ings from moisture penetration. (It doesn't.) 
The unit that failed because of rectifier 
flashback was easiest to repair. The other 
was a more involved problem and entailed 
complete disassembly to locate and repair 
the trouble; the secondary had to be com¬ 
pletely rewound on this unit. 

Both transformers appeared to be hope¬ 
less cases as far as being repairable. How¬ 
ever, I like to operate the rig and really 


couldn't stand the expense of replacing a 
$75.00 piece of equipment. I figured I had 
nothing to lose anyway, so I decided to 
see if the transformers were worth repair¬ 
ing. The following paragraphs describe 
how these transformers, which would other¬ 
wise have ended up as expensive junk, 
were doctored and restored to service. 

causes of transformer failure 

Most power transformers fail because of 
high voltage insulation breakdown. It is 
rare for a transformer to develop an open 
or short circuit in the primary winding. If 
problems do occur in the primary (e.g., a 
short between turns, open circuit, short to 
the case), then you are faced with remov¬ 
ing anywhere from 3000 to 4000 turns of 
secondary wire, usually about number-22 
AWC, just to expose the primary. This, of 
course, is assuming the primary is wound 
under the secondary as is the case with 
many large power transformers. The pri¬ 
mary, once you get to it, is easier to re¬ 
pair than the secondary since the primary 
consists of 300 to 400 turns of fairly large 
wire (about number-16 AVVG). 

preliminary checks 

It is not necessary to remove the case for 
an initial check, because all you want to 
do at this point is try to get a clue as to 
where the trouble is and how serious it 
might be. Not much can be done with a 
bad transformer while still in the power 
supply, so the first thing to do is set it on 
the workbench and make some resistance 
measurements. First test for a short be¬ 
tween primary and case, then between 
secondary and case. Next measure the re¬ 
sistance across the secondary and be¬ 
tween each end of the secondary and 
center tap. The secondary resistance should 
be around 300 ohms between each end 
and the center tap if there is no short be- 




66 


march 1969 



tween turns. If the meter shows a resistance 
differential of more than 30 or 40 ohms 
between each end of the secondary and 
the center tap, then you know the prob¬ 
lem is somewhere in the secondary. 

The next step is to remove the case. Re¬ 
move the bolts and save the lockwashers 
and nuts. You'll find upon reassembly that 
you must pull down the nuts on the case 
bolts quite tightly to minimize core hum. 
The lockwashers are necessary on these 
monsters! 

The primary and secondary leads should 
now be exposed. These are just long 
enough to reach the terminals without 
much slack to spare, so you'll have to use 
reasonable care while working with them. 


coo 

25W 



REPAIRED 

TRANSFORMER 


fig. 1. Circuit for “smoke testing" the re¬ 
paired transformer. The 1000-ohm resistor is 
for current limiting in case one of the wind¬ 
ings is still shorted. 

They will stand some flexing, but it is pos¬ 
sible to break one off where it disappears 
into the winding. Power transformers are 
pretty rugged otherwise and will withstand 
ordinary handling during disassembly and 
assembly. 

Unsolder the leads from the lugs on the 
insulators, then dig out any tar. {Comes out 
in chunks—no problem.) Inspect the wind¬ 
ing area for charred spots. These will be 
pretty obvious if the short was caused by 
rectifier flashback. If the failure was 
caused by some other problem then the 
trouble will be harder to locate, and you 
will have to disassemble the core. 

flashback failure 

My transformer caught fire when one of 
the rectifier tubes flashed back. For some 
reason I'll never know, the overload circuit 


just flat failed to protect the transformer. 
There was a charred spot where one of the 
secondary leads was brought up out of the 
transformer innards. Chances are pretty 
good that, with a rectifier flashback fail¬ 
ure, the short-circuited area will be near 
the coil surface, and probably in the first 
secondary winding layer. In this type of fail¬ 
ure, extreme heat caused by the high current 
surge destroys part of the insulation, allow¬ 
ing one or more secondary wires to touch. 

Carefully peel away the insulation and 
clean off the carbonized material with an 
old toothbrush dipped in alcohol. Don't at¬ 
tempt to replace any of the original insula- 
ation, even if it appears to be okay. Ap¬ 
ply at least six coats of red glyptal varnish 
all around the exposed wire, and work it 
well into the surrounding layers of insula¬ 
tion. It is essential that every bit of car¬ 
bonized material be completely removed 
before applying the glyptal. Allow five full 
hours for each coat to dry. 

Next, wrap a layer of Scotch number-33 
electrical tape (rated at 10,000 volts per 
layer) over the exposed wires, then apply 
two more coats of glyptal over the tape 
and surrounding area. It's a good idea to 
slather glyptal all over the outside of the 
windings, again observing adequate drying 
time between coats. You just can't put too 
much glyptal on these things. 

After another ohmmeter check, as de¬ 
scribed previously, the unit can be reas¬ 
sembled. It's really not necessary to pour 
melted tar around the windings. As a mat¬ 
ter of fact, my transformer had only an 
inch layer of tar at the top and bottom of 
the case where the end bells join, so I 
didn't bother to replace the tar. This trans¬ 
former has been working perfectly for the 
past five years. (By this time maybe you're 
getting the message that I don't have much 
faith in tar-impregnated power trans¬ 
formers. I have a strong suspicion that this 
stuff does more harm than good.) 

The repaired transformer should now be 
given a "smoke test" before reinstalling it 
in the power supply. The simple circuit 
shown in fig. 1 is used for this check. You 
can substitute several 115-volt light bulbs 
for the Variac, but they should be ar- 
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ranged so they can be progressively shorted 
to increase the primary voltage. Close the 
switch and slowly turn up the Variac. It 
should hardly be necessary to emphasize 
that you're dealing with upwards of 3000 
volts of instant death, so use utmost care 
during this test. If you've done a good job 
of cleaning and insulating, your trans¬ 
former can now be reinstalled in the pow¬ 
er supply, and you're back in business. 

digging deeper 

Why should an expensive, well-made 
power transformer mysteriously develop a 
short circuit? Commercially built trans¬ 
formers are conservatively designed, and 
engineers specify high voltage insulation 
with large safety factors. Nevertheless, a 
transformer can be working fine one day, 
and suddenly a failure can occur in the 
insulation, causing a short circuit. Appar¬ 
ently moisture somehow penetrates into the 
secondary and causes a high resistance 
path to build up. Finally, one day the insula¬ 
tion just breaks down. 

When you inspect the external winding 
area after one of these "mysterious" fail¬ 
ures, chances are you won't see anything 
as obvious as in the flashback case. But 
don't give up—all you have to do is re¬ 
move the core, then unwind the secondary 
to expose the short circuit. This task isn't 
really as formidable as it might appear. 
First, let's take a look at how the core is 
put together. 

core arrangement 

The core consists of E I sections of silicon 
steel about 0.01-inch thick. The E sections 
are placed over each other back-to-back, 
interleaved with I sections at each outer 
edge (fig. 2). You will find that the lamina¬ 
tions have been driven quite tightly into 
the coil. A little strong-arm effort here will 
work one of the end laminations loose, 
then the others will come out easily. You 
will also find upon reassembly that it 
will probably be impossible to drive all 
the laminations back into the coil. My 
rewound transformer has about ten E l 
sections missing, but the transformer doesn't 
seem to know the difference. 


the solenoid 

As the coil is unwound, you'll have to 
look carefully for evidence of insulation 
breakdown. It's a good idea to go over 
each layer with a magnifying glass, be¬ 
cause the area of failure will probably 
contain extremely small holes in the in¬ 
sulation. Be sure to count the number of 
turns taken from each layer and keep 
track of them. While unwinding my coil, I 
made a rough sketch of each layer, in¬ 
dicating the winding area and number of 
turns per layer. It is not worthwhile to re¬ 
wind with the old wire, because no matter 
how careful you are, it's virtually impos¬ 
sible to avoid nicking the wire. Even one 
tiny nick will wash out all your hard work. 



fig. 2. Cor* buildup and assambled transformar. 

the electrostatic shield 

If you have to remove the entire second¬ 
ary winding, you'll probably find a layer 
of paper-thin copper between secondary 
and primary. This is a shield to prevent 
electrostatic coupling between the two 
windings. Its purpose is to keep higher or¬ 
der line frequency harmonics out of the 
d-c plate supply. This shield isn't really 
necessary for ham power supplies and just 
causes added insulation problems. If you 
decide to keep the electrostatic shield, 
make certain it is reinstalled exactly as it 
was originally. My recommendation is to 
throw the thing away. 

secondary wire 

If your transformer is more than ten 
years old it is probably wound with enam- 
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elled Formvar. I searched all over trying to 
find a source of this wire, but found it's 
practically nonexistent these days. I re¬ 
wound my transformer secondary with 
HPTX-200, made by Essex Wire Corpora¬ 
tion. This material has a high tempera¬ 
ture insulation of some type of polymer. 
It costs about $2.00 per pound for number- 
22 AWG; it weighs about the same as 
Formvar, so you can determine how much 
you'll need after you remove the old wire. 

When you've located the short circuit, 
splice on the new wire, wrap the splice 
with Scotch number-33 electrical tape and 
give the entire area the red glyptal treat¬ 
ment. You are now ready to rewind. 

rewinding the secondary 

I built a jig out of a piece of mop han¬ 
dle to hold the solenoid for the rewind 
job. The solenoid, which has a paper tube 
core, was force fitted to one end of the jig 
and held with a couple of wooden wedges. 
I turned down the other end of the jig to 
fit into the chuck of a large portable drill 
motor. I mounted the motor on the bench 
with the solenoid protruding about eight 
inches over the edge of the bench. The 
spool of new wire was mounted onto a 
U-bracket fastened to a wooden cleat. 
This assembly was placed on the floor be¬ 
neath the solenoid. 

The gears in the drill motor provide just 
enough drag so that the solenoid can be 
turned by hand during the rewind pro¬ 
cess. Maybe it's possible to apply power to 
the motor and rewind the coil, but I found 
that to control the windings you have to 
rotate the solenoid by hand. This takes 
about an hour per layer for us old folks. 
As you rewind, put on the same number of 
turns per layer that were removed—no 
more, no less. Don't attempt to hop up the 
transformer by changing the primary-to- 
secondary turns ratio. You are only asking 
for more problems, and an additional 500 
volts or so on the secondary won't make 
that much difference to your signal any¬ 
way. (Remember, you have to double your 
transmitter power just to gain a 3-dB in¬ 
crease in signal strength.) 

Wrap each rewound layer with Scotch 


number-33 electrical tape and apply two 
coats of red glyptal varnish on each layer. 
You are now ready to reassemble the core 
laminations. 

reassembly 

If you have rewound the coil as tightly 
as possible, you should have no trouble re¬ 
inserting the core. It may be necessary to 
squeeze the solenoid slightly to accommo¬ 
date the laminations. With one layer of 
tape around each layer of wire, plus the 
glyptal, the solenoid buildup should be 
very close to the original. It may be neces¬ 
sary to tap the last few laminations home 
with a mallet. Don't worry about slight 
bends in the laminations. When you pull 
the bolts down in the case, the lamina¬ 
tions will flatten out. Now give the trans¬ 
former the ohmmeter check, then the smoke 
test as described earlier. 

baking 

An added refinement, though not neces¬ 
sary, is to give the repaired transformer a 
baked varnish treatment. For $7.50 l had 
this done at a local electrical shop that 
specializes in rewinding motors and gen¬ 
erators. (Incidentally, while there 1 asked 
them for a quote on how much they would 
charge to repair my transformer. Would 
you believe $65.00, not including ma¬ 
terial?) For the baking treatment, the un¬ 
cased transformer is Immersed in a vac¬ 
uum tank, and insulating varnish is forced 
into the windings. The unit is then baked 
for several hours. I was a little concerned 
as to how the baking would affect the 
temperature resistance of the Scotch elec¬ 
trical tape, but apparently it does no 
harm. This baking treatment is probably 
an improvement over tar impregnation. 

concluding thoughts 

You now have spent about $25.00 for 
material, are back on the air, and have 
had the privilege of being introduced to 
the all-but-forgotten art (at least in ham 
circles) of transformer winding. Hey, you 
old timers—kind of tugs at the heart 
strings, eh? 

ham radio 



march 1969 


69 




tebook 


dc crystal switching 

This short article was prompted by an arti¬ 
cle by W70E in the May issue of ham radio.* 
It's often desirable to use a single oscillator 
and switch crystals as a source of multiple- 
frequency check points. Usually a number of 
crystals are simply mounted around the pe¬ 
riphery of a multiple switch, The major diffi¬ 
culty you run into with this approach is 
from the mechanical configuration that re¬ 
sults, First, some of the rf leads are undesir¬ 
ably long. Second, the physical requirement 
for the switch shaft to stick through the front 
panel limits the over all oscillator configura¬ 
tion. 

A diode switching approach allows flexi¬ 
bility that simplifies the layout, uses a single 
oscillator and handles multiple crystals. The 
circuit in fig, 1 shows the principle applied 
to the same type of oscillator used by VV?OE. 
The beauty of this approach results from the 
facl that switching is accomplished with low- 
voltage dc h 



The oscillator can be located anywhere and 
the dc switching wires carried to a switch 
located at a convenient place. Since there is 
no rf on these wires, their length is unimpor¬ 
tant, The photograph shows an oscillator us¬ 
ing two crystals for sideband selection in¬ 
stalled in an ssb receiver In this type of 

H. S. Pyle, W70E, "Mini-Spotter Frequency Checker," 
ham radio. May, 1968, p, 48, 


ftq. T, Diode twitched crystal oscillator. With switch in position 2 . diode D2 is reverse biased; 01 is forward 

biased and crystal Yt controls frequency. The diodes may be any inexpensive type. 

£3 m» to* 
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application, an additional advantage is gained 
from the fact that the wire only carries dc 
so it doesn't radiate any undesired rf into 
adjacent receiver circuitry. This approach 
could also he used for selection of crystals in 
ssb exciter transmitter circuitry, 

R J. Schle&inger, KGLZM 

sbe linear amplifier tips 

When the original owner of my new second¬ 
hand SBE SB1-IA linear boasted that he had 
keyed the unit at full power for over two 
minutes off resonance without any damage, t 
was skeptical; when I looked inside, l wasn't 
surprised at what I saw—a full kilowatt input 
tan raise havoc in two minutes. The enve¬ 
lopes of the six 6]EG lubes were discolored 
and bubbled, and subsequent tests indicated 
that only two of the lubes had any useful 
life left. 

My first task in getting the linear back on 
the air was a set of new tubes. Three weeks 
and $22 later, I had them; however, they 
weren't balanced—with power applied two 
or three of them would glow cherry red while 
the rest loafed along acting as parallel 
capacitors* Results; overheated tubes, poor 
efficiency and blown fine fuses. A new set 
of factory-balanced tubes, a look at the sche¬ 
matic and a few simple modifications solved 
the problems. 

The linear was originally built with the 
cathodes grounded and common bias fed to 
all six control grids. The circuit was simple 
enough, but there was nothing to cut off a 
tube if its idling current went over the normal 
r iU mA, My initial modification was to install 
a SI-ohm, 2-watt, 5 percent resistor in each 
of the six cathode leads with as short leads as 
possible—each resistor bypassed with a 02-/*E 
ceramic capacitor. Resetting the bias adjust¬ 
ment brought the idling current back up to 
the normal 300 mA. 

Since completing this simple modification, 
1 have accumulated over 1000 operating 
hours on this set of tubes They are not at all 
discolored, and recent lesK indicated high 
emission anti no internal shorts, 

R. L, Wentworth, WA6DCW 


coaxial cable connectors 

Whenever I pul a coaxial lining on a piece 
of RC-48/U, I always seem to end up with a 
short circuit. At least one of the shield strands 
breaks, leaving a small piece to float around 
inside the connector until it shorts the whole 
thing out, A simple solution that works well 
on the high-frequency bands is shown in the 
photo. 

All you have to do is saw two L-shaped 
slots in the reducing adapter (A in photo). 
Saw a slot down the center of the adapter 
almost to the threaded section with a hack 
saw; then saw or file a short notch at right 
angles to the main slot—do the same thing 
on both sides of the adapter. Tin the notches 
on each side with a hot soldering iron 



Prepare the coaxial cable by pushing it 
through the adapter; strip off the outer 
jacket, unravel the shield and twist it into 
two leads opposite from eat h other. Slip the 
two pieces of twisted shield down (he slots 
and solder them into the notch. If you've 
done a good tinning job, this shouldn't take 
loo much heat. Now cut off the excess pieces 
of braid. With a little care and minimum 
solder, you should have no trouble screwing 
the adapter into the rest of the plug. 

Save a small section of the outer jacket— 
about a quarter inch long. This can be pushed 
into (he reducing adapter and fills up the 
space around the dielectric, providing final 
electrical isolation. The inner dielectric is 
stripped off 1/16 inch in front of the adapter. 
When soldering the inner connector to the 
plug, he sure to slant it downward to keep 
any solder blobs Pom running down inside 
and shorting everything out. 

Ted Woollier, WA1ABP 
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miniature receiver using dipole antennas on 

antenna tuner non-harmonic frequencies 


Most modern, high quality receivers have 
an input impedance of 50 ohms and are 
designed for use with matched, transmit- 
ting-type antennas. Unfortunately, these 
receivers must sometimes be used with 
random-length wires. This often leads to in¬ 
adequate performance, especially poor 
sensitivity and degraded image rejection. 

A simple antenna tuner can be used to 
correct this situation. A miniature tuner 
which will match a short high-impedance 
antenna to a receiver is shown in fig. 2. 
The version shown, which was suggested by 
a tuner built by K4BXO, has proved useful 
for matching 10-to-25-foot antennas be¬ 
tween 10 and 30 MHz. Changing the type 
and size of core, number of turns, and 
tap positions will modify the impedance 
matching and tuning range. 



There are cases where it's desirable to use a 
dipole at frequencies on two bands which 
are not harmonically related. A good ex¬ 
ample is the phone man who wants to use 
a single antenna centered on 3.9 and 7.25 
MHz. Since these frequencies are not har¬ 
monically related, the operator resorts to a 
compromise arrangement that leaves some¬ 
thing to be desired on both frequencies. 

Here's a system I use to obtain resonant 
operation with an off-center-fed Windom an¬ 
tenna. I cut the antenna as a full-wave dipole 
at 7.25 MHz as a starter; natural half-wave 
resonance is around 3.625 MHz. The resonant 
point is moved up to 3.9 MHz by the simple 
expedient of putting a fixed capacitor of the 
right value in the center. This is simple and 
can be used on non-center-fed dipoles oper¬ 
ating on 10 and 15 meters or 15 and 20. 

To compute what size capacitor you need 
in the center, consider the antenna as an 
isolated single-wire transmission line operat¬ 
ing above a ground plane. Although the 
characteristic impedance of this line can be 
computed from the formula 


rh 

fig. 2. Receiver antenna tuner for random 
length antennas. For the range 10 to 30 MHz, 
the coil is 35 turns no. 26 on 5/6" diameter 
toroid, tapped at 10 and 20 turns. 

The tuner can be built in a very small 
minibox, since few parts are required and 
those that are needed can be miniature 
ones. A toroid similar to the one I used is 
available from Amidon. A plastic-dialec- 
tric variable capacitor from Lafayette is 
excellent for Cl; its capacitance is not crit¬ 
ical. I used a miniature Alco rotary switch. 

The tuner is very easy to use. Simply tune 
the capacitor through its range for each 
switch position. There should be a signifi¬ 
cant improvement in signal strength and 
image rejection as this is done. If no im¬ 
provement is noted, the antenna length or 
number of active turns on the core can be 
changed. 

Paul Franson, WA7KRE 


Z 0 = 138 log -g- 

where h is the height above ground and d 
is the diameter of the wire, an assumed value 
of 600 ohms is close enough for our purpose. 

The difference between a quarter wave¬ 
length at 3.625 MHz and 3.9 MHz is 4.6 feet; 
at 3.9 MHz, this represents 6.55 electrical 
degrees. The reactance of 6.55 degrees of 
600-ohm line measured against a voltage 
node is 600 tan 6.55° or 69 ohms. Therefore, 
a 69-ohm capacitive reactance in series with 
each quarter wave will do the job; this is the 
same as 138 ohms in the center of the dipole. 
At 3.9 MHz, this is 290 pF; either 270 or 300 
pF are close enough. A 1000-volt mica capaci¬ 
tor will be more than adequate for a full 
kilowatt. 

To lower the frequency, the same approach 
may be used, but an inductance must be used 
as the reactive element. 

Henry Keen, W2CTK 
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more two meter FM Repeater action 
3erblv engineered deluxe transceiver. 


. . . yes, rar 
with this su 
Look 


GENERAL m - 

Frequency range — 144 to 147 MHz; 12 to I 
14.5 VDC operation; solid state 
devices — 32 silicon transistors, 

10 diodes; microphone, battery 
pack, whip antenna, and three sets 
of crystals of your choice included, 

Tough modular construction. Three repeaters/^^ 

transmit and receive, selectable from front panel, 

!—vA * •-—j " 

RECEIVER 

Two RF sections; three IF sections; dual conversio 
1 }i V sensitivity at 20 DB signal to noise ratio; 
minimum cross modulation; squelch; noise limiter 

TRANSMITTER j/C z £R 2 ; ^i 

1 or 5 watts output; wide range audio; minimum 
spurious output; push to4afk included. 

Inoue Communications Equipment Corporation 

LvsaJ V Lvw_I Available onlvIthjrSuflhV/ 1 v J? I 


2 watt input FDFM2 
10 watt input FDFM-2S 
2 watt 6 meter FM/AM 


4109 North 39th Street, Phoenix, Arizona 85018 


FOLLOWING 
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mobile manual for radio 
amateurs 



for the ham builder 

Here's a bookful of circuits that can fit into 
the rig or accessory you're planning to build. 
Most of the circuits are simple ones, mainly 
for the Novice and Technician, but they'll 
suit almost anyone's operating ambition. 

There are couplers, mike amps, modu¬ 
lators, monitors, filters, preamps, converters, 
receivers, transmitters, linears, a lot of acces¬ 
sories and some test instruments. Many tube 
circuits are included for hams who haven't 
made the move to solid-state yet, but there 
are plenty of transistor circuits for those who 
have. The projects are comparatively inex¬ 
pensive to build, and parts are easy to find 
for them. 

The author, Bert Simon, W2UUN, has put 
104 separate projects into this book. He tells 
you only briefly how to put each one together. 
There is not much instruction to help with 
layout or mechanical arrangement; the author 
has assumed the builder already knows the 
rudiments of putting together ham gear, 
dressing wiring, and so on. The circuits, how¬ 
ever, are explained where necessary, and 
tuning-up data is included. 

This isn't a beginner's book, but the simpler 
Novice circuits don't require much experi¬ 
ence. Ham Radio Projects for Novice and 
Technician; paperback $3.95; hardcover 
$6.95; G/L TAB Books, Blue Ridge Summit, 
Pennsylvania 17214. 


In case you, as I, have and use all of the 
ARRL publications, you may not have no¬ 
ticed that a new edition (the fourth) of the 
ARRL Mobile Manual is out. The cover 
looks the same—though they've changed 
the photo—but the inside is completely dif¬ 
ferent. Much has happened since 1962, 
when the last edition appeared, and the 
manual reflects it. Now the book is full of 
modern semiconductor equipment (and 
vacuum tubes where they are still needed) 
for all sorts of uses: receivers, transmitters 
and audio equipment, transceivers, ssb 
equipment, power supplies and test equip¬ 
ment. Complete sections cover noise sup¬ 
pression and the all-important antenna. 
Perhaps most interesting are the chapters 
devoted to portable gear, which has really 
come into its own lately. In addition, the 
text has been rewritten and reset, making 
an easy-to-read book you'll likely refer to 
often. Best of all, the price remains the 
same old $2.50. Anyone want an old mo¬ 
bile manual? 


ic fundamentals and 
projects 

There are few things in modern electronics 
that rival the integrated circuit's influence in 
circuit design and application. This new book, 
written by Rufus Turner, covers the technical 
development of the 1C, its general features, 
types and applications. In addition to an in¬ 
formative discussion on how the 1C is built, 
there are many inexpensive construction 
projects described, including a dc voltmeter, 
af-rf signal tracer, crystal-controlled frequen¬ 
cy standard, high-gain preamplifier, and 
quarter-watt audio power amplifier. 75c post¬ 
paid in the U.S.A. from Allied Radio Corpora¬ 
tion, 100 N. Western Avenue, Chicago, Illi¬ 
nois 60680. 
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radio station 
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WITH BUILT-IN AC AND DC 
SUPPLY AND LOUDSPEAKER 


*395 


Unwanted sideband suppression is 45 db, carrier 
suppression 60 db r and distortion products are 
down approximately 30 db 

The new Cygnet is designed lo provide efficient 
high quality communications in the 5 most com 
monl'y used amateur bands Its low cast is a 
tribute to Swan s well known techniques in value 
analysis, and simple, direc! circuit design. Above 
alb these techniques lead to a high degree of 
■ lability and foolproof performance. Dimen 
siuns are 13" wide, b' 2 " high, and 11 " deep, 
Weight is 24 lbs 

The transceiver comes complete with AC and OC 
input cords, and carrying handle thus making it 
the mosl versatile and portable set on the mar 
kel. and certainly the best passible value 

Amateur net S395 

P S. Ye*, fur our customers who require some of the 
extra leaturts, (here will he a delude version if the 
Cygnet coming soon, which wiff sril tor approximately 

$495 


The new Swan Cygnet is a complete S$B traris 
ceiver, with self cun tamed AC and DC power 
supply, microphone and loudspeaker in one purl 
able package The Cygnet features full frequency 
coverage of Ihe 10, 15, 20, 4D and 80 meter 
bands with a power input rating ol 280 watts 
PEP in single sideband mode, and 180 walls 
CW input A crystal lattice tiller at 55 r 20 Kc is 
used m both transmit and receive mode, and 
provides excellent selectivity with a 2 / Kc band 
width at 6 db down. Superior receiver sensitivity 
of better than V? microvolt makes it easy to puM 
in those OX signals, and with Ihe Cygnet it you 
can, hear them, you can work them Audio fidelity 
15 in the well known Swan tradition ol being 
second to none, providing smooth, natural sound 
mg voice quality The Cygnel is temperature 
compensated on all bands, featuring solid state 
oscillator circuitry with /ener regulation which 
permits wide variation in supply line voltage 
without frequency shift. 


ASK THE HAM 
WHO OWNS ONE 


ELECTRONICS 

OCEANSIDE, CALIFORNIA 

A Subsidiary ot Cubic Corporation 





























The new SWAN 500-C 
5 band. 520 Watt 
SSB-AM-CW TRANSCEIVER 


The new Swan 5G0C offers you 
higher power r improved styling, and 
many new deluxe features, yet main¬ 
tains the same high standards of 
performance, rugged reliability and 
craftsmanship that have become the 
trademark of the Swan Line. Backed 
by a full year warranty and a service 
policy second to none, we feel the 
Swan 500C will establish a new 
standard of value for the industry. 

$520 


SWAN 350 C $420.00 

SWAN 250-C (NEW MODEL) $420,00 


ACCESSORIES 

117XC AC/PS J10500 

14-117 DC/PS 1130.00 

14C DC MODULE $ 65.00 

VX-ll VOX 1 35.00 

lOOKc Xtal Cal. $ 19.50 


RECONDITIONED USED GEAR 
NINETY DAY GUARANTEE: 


Collins: 30L1 Linear *375.00 

Drake 2 C {New) *199.95 

S8E34 *300.00 

HT-46 Hallicrafters *225.00 


WANTED: 

WE BUY USED AMATEUR 
AND CB EQUIPMENT FOR CASH! 


LOTS OF GOOD CHOICE GEAR FOR SALE OR 
TRADE — WRITE FOR LATEST LIST. 

IN STOCK FOR IMMEDIATE DELIVERY, GALAXY, 
SWAN, SBE ANU DRAKE. 


'ELECTRONICS 

Phone Cl 5 -M »7 

"'TH-E COMPLETE ham MORE" 

927 N w Hi Okiahomj t m. OVUhoFn* rjltfc 

TI’F TAkF THAOE4Mi ON \U IJM's fV VF'M HHtntfM 
mOW A> H.tfMOS UMTS * SEAVJCC * IVST W-MTlRNS 


the radio amateur’s vhf 
manual 

I've owned three copies of Ed Tilton's VHF 
Manual since it came out in 1%5, and 
have worn oul two of them. When it ap¬ 
peared, almost every ham interested in vhf 
was grateful, and many who weren't be¬ 
came so. Now Ed, W1HDQ, QST's vhf editor 
and one of the two or three best-known 
ham vhf experts, has revised the manual to 
make it even belter. The original edition 
appeared just when semiconductors killed 
receiving vacuum tubes for hams, so that 
version didn't have loo much on transis¬ 
tors. The new edition more than makes up 
for this lack. It contains a great amount of 
new material as well as the invaluable in¬ 
formation ihat's made the VHF Manual a 

i 

necessity among vhfers. The new edition 
costs only S2.50, and you couldn't make a 
better buy. Available the American Radio 
Relay League, 225 Main Street. Newington, 
Connecticut 06111. 

want to fix your own tv? 

There's now an easy way to learn how. A 
brand-new low-cost TV servicing/repair 
course, designed for the layman, is off 
the press at International Correspondence 
Schools; it's written by ham radio's roving 
editor. Forest H. Belt, 

1 1 begins with the 1 simplest things, like 
how to make adjustments and recognize 
tube troubles, and takes you all the way 
through circuit servicing. In the simplest 
terms you can imagine, it explains Iran* 
sislors and color TV as if they were no 
more complicated than a one-tube code 
oscillator. 

You're already familiar with editor 
Bell's easy-reading articles in ham radio; 
the new six-hook course is written in what 
he tells us is his Easy-Read format. All of 
the books are profusely illustrated, and the 
two that go into tolor-TV servicing use full- 
t oior pictures. 

The whole course is written so plainly 
i hat anyone who can read can learn to 
repair a TV set. For a ham, who already 
knows electronic basics, the course is duck 
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THE FT dx 400 TRANSCEIVER 


Conservatively rated at 500 watts PEP on all bands 
80 through 10 the FT dx 400 combines high 
power with the hottest receiving section of any 
transceiver available today. In a few short months 
the Yaesu FT dx 400 has become the pace setter 
in the amateur field* 

FEATURES: Built-in power supply * Built-in VOX 
* Built-in dual calibrators (25and 100 KHz) - Built in 
Clarifier (off-set tuning) ■ All crystals furnished 80 
through the complete 10 meter band ■ Provision 
for 4 crystal-controlled channels within the ama¬ 
teur bands * Provision for 3 additional receive 
bands * Break*in CW with sicfetone * Automatic 
dual acting noise limiter * and a sharp 2.3 KHz 
Crystal lattice filter with an optimum SSB shape 
factor of 1.66 to L 

Design features include double conversion system 
for both transmit and receive functions resulting 
in, drift free operation, high sensitivity and image 
rejection • Switch selected metering * The FT dx 400 
utilizes 18 tubes and 42 silicon semi-conductors in 
hybrid circuits designed to optimize the natural 
advantages of both tubes and transistors * Plane¬ 
tary gear tuning dial cover 500 KHz in 1 KHz 
increments * Glass-epoxy circuit boards * Final 
amplifier uses the popular 6KD6 tubes. 

This imported desk top transceiver is beautifully 
styled with non-specular chrome front panel, back 
lighted dials, and heavy steel cabinet finished in 
functional blue-gray. The low cost, matching 
SP-400 Speaker is all that is needed to complete 
that professional station look. 


SPECIFICATIONS: Maximum input: 500 W PEP 
SSB. 440 W CW, 125 W AM* Sensitivity: 0.5 uv. 
S/N 20 db. Selectivity: 2.3 KHz (6 db down), 3.7 
KHz (55 db down). Carrier suppression: more than 
40 db down. Sideband suppression: more than 50 
db down at 1 KHz. Frequency range: 3*5 to 4, 7 
to 7*5, 14 to 14*5, 21 to 21.5, 28 to 30 (mega¬ 
hertz)* Frequency stability: Less than 100 Hz drift 
in any 30 minute period after warm up. 


CLARIFIER CONTROL — Does the work 
of an external VFQ — allows operator 
to vary receive frequency l OK HZ from 
transmit frequency, or may be used as 
an extra VFO combining transmit and 
receive functions. 


SELECT CONTROL —Offers option of 
internal or outboard VFO and crystal 
positions for convenient preset channel 
operation. 

FUNCTION CONTROL— Selects crystal 
calibration marker frequency and de 
sired transmit mode of operation. 





FT DX 400 $599.95 — SP-40G $14.95 






SPECTRONICS SOX 356. LOS ALAM1TOS, CALIFORNIA 90720 
- PROFESSIONAL EQUIPMENT FOR THE AMATEUR — 

























Low Cost 6:1/36:1 Vernier Dial 

Model MD 4 vernier dial permits fast tuning 
at 6to I ratio over entire dial range with fine 
tuning at 36 to 1 ratio over any 6’division 
portion of the scale. Dial has 4 scales; 
measures 4%"Wx3%"H; escutcheon extends 
only V in front of panel; net price $7.50. 

J. W. MILLER CO. 

"bWWTv 5917 So. Marn St . Los Angeles. Calif. 90003 
AVAILABLE NATIONWIDE FROM 
DISTRIBUTORS AND MAIL ORDER HOUSES 



""*00 

V <>'**' national NCX-500 
WE ALSO STOCK ACCESSORIES FOR ABOVE 


For Additional Information, Writ* for 
ogr jp Tran»c*iv«r Portfolio" 073TR 

Going Mpbil*??? Good Mobi|*i Go husJieu 

Wf slock complti* lino of NEW-TRONfCS Antonnqs, 
including ih. new "SUPER-HOST LEU", 


W* maintain Ih* kirgtti ifock of used *quipm*r>i 
in th* Northeast — Engineering D*portm*nt — Tim* 
Poymonf Plan available. 

WRITE FOR LATEST COMPLETE UST 


£ 




BOX 893 


» RADIO 

CONCORD NH 03301 
FONi 603-225 3358 


soup. The section on servicing logic—catled 
1-2-3-4 troubleshooting—lays out a tech’ 
nique that could be applied to ham gear 
or any kind of electronics. International 
Correspondence Schools, Scranton, Pennsyl¬ 
vania 18515. 

silicon power transistors 

Motorola has announced a new line of 4 
ampere power transistors that combine high 
current, top efficiency and power-handling 
capability with economy prices. These new 
devices can be used in npn/pnp pairs to gain 
all the advantages of direct-coupled comple¬ 
mentary symmetry circuitry'. 

The exclusive Thermopad ™ construction 
results in low thermal resistance and mini¬ 
mum derating in all chassis mounting appli¬ 
cations. In addition, the compact package is 
simple to mount in virtually any place or 
position. The pnp devices of this new series 
are the 2N5190, -91, and -92; there pnp com¬ 
plements are the 2N5193, -94 and -95 r re¬ 
spectively. For more information, write to 
Motorola Semiconductor Products, Inc., P O. 
Box 955 r Phoenix, Arizona 85001. 

handbook of 
semiconductor circuits 

If you're looking for ready-made transistor 
circuits, this new handbook contains 124 ex¬ 
amples of standard transistor circuits, com¬ 
plete with operational data for amplifiers, 
oscillators, logic and switching circuits and 
power supplies. All in all, a comprehensive 
source of well-designed examples of con¬ 
temporary circuits. Since a design philosophy 
section is included with each group of cir¬ 
cuits, this volume won't go out of date as 
new transistor types are introduced, liach 
circuit description includes any unique de¬ 
sign or operational data along with a sche¬ 
matic diagram; very helpfu] if you re working 
on transistor projects in your shop—must 
reading for laboratory and engineering tech¬ 
nicians involved in transistor design work. 
$7,95 from TAB Books, Blue Ridge Summit, 
Pennsylvania 17214. 
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WE’VE BEEN LOOKING 


ham 

radio 


m magazine, greenvitte, new Hampshire 03048 

Please enter my subscription to Ham Radio as checked below. 
My check or money order is enclosed, 

□ One Year $6.00 

□ l f d like one year free. 

Here is $12.00 for 3 years. 


Name.. 


Call 

IkpW V li ii ■ a 4 .na aaa aa aa ra Ui aaiai aiaBaaia 


Address a ra i raa ■ a ani bib aakiruai s ar- i a man iVnrra ai bitbi ibNH *ir n 


■ #fc + ferid-i - M-M frtife Bri M H+SH p-fM* * PPI - f^-a + PS H-a a 4. a a a a -U.B4.4 a a ■ a an a a a in a a aaa ■ a a i a i i. ia aa aa r i ■ irrn ra r —HI BJUfs + H F-M 9HII 


Here is an exciting new amateur magazine devo¬ 
ted to the very best in home construction and technical 
articles. This is the magazine which has amateurs 
from coast to coast talking. 

Look it over carefully, Read the finest authors 
in our field. See the clean crisp new layout. Can you 
afford to be without the best magazine in amateur 
radio today? 
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SPACE AGE KEYER 


Only 
$6 7.50 



* Planar epitaxial integrated circuits far reH-> 
ability. No tubes*—-No separate transistors, 

* Precision feather-touch key built-in, 

* Fully digital—Dot-dash, ratio always per¬ 
fect, 

* No polarity problems—Floating contact* 
switch — 300-V @ 100-rna. 

* Rugged solid construction—will not walk, 

* Send GSL or postcard for free brochure. 



BOX 455, ESCONDIDO, CAL. 92025 


THE FINEST 

FROM WESTERN EUROPE! 

MINIATURE SOLID STATE 

QCR tYPlTCD B * Schmin * 

OOD LAul I Lit of West Germany 
SUPERIOR QUALITY AND PERFORMANCE 

AT MODEST COST, 



Three Separate crystal oscillators for USB, 

LSB and AM/FM/CW, Balanced modula¬ 
tor for SSB FM modulator. Precision KVG 
crystal filter. Two 9 MHi amplifiers. 9 
MH; output. Three stage microphone am* 
plifier with vox output. Silverplated glass- 
epoxy p, c, board construction 3" x 4", 

HS1000C transmitter module $66,50 
HS100GD transceiver module $77.75 
HS1000S vox r anti trip. T/R $16.00 

VHF 

COMMUNICATIONS 



TOPSFIELD, MASSACHUSETTS 01983 



QUALITY QUICK KITS 
BY DR. FINK ! I I 

SEND 25c FOR LATEST JAM PACKED CATALOG 
(FREE WITH AN ORDER) 

BARGAINS in SOLID STATE 

Computer components — Remove it from New Eqpt. Top 
Quality — Satisfaction Guaranteed . . . Any item 51.00 
or any 6 for $5.00 Postage Part. 

1. Precision Reference Zener Diodes IN429 long leads 

3 for $1,00 P.P, 

2. Precision Reference Zener Diodes 10 Volt. Short 

leads .. 4 for SI.00 P.P. 

3. Silicon diodes 1 Amp - S00 volt short leads 

6 for SI.00 P.P. 

4. 90 Walt Power Transistors 65 volt 2N1137B 

3 for Sl.OQ P.P. 

5. Bourns TrimpOt 10 t] 3 for $1.00 P.P. 

6. I.R.C. Diode 1.5 Amp - 400 Volts 2 for $1.00 PP. 

7. 2 Silicon Diodes in heat sink ass'y - each diode 25 

Amp * 2O0v. ... 2 for $1.00 P.P, 

8. Secret Microphone Buttons - with Instructions 

2 for $1.00 P.P. 

9. Logic module and or nor Logic 3 for $1,00 P.P* 

REGULATED HIGH CURRENT POWER SUPPY KIT 
The response to our kits made up of surplus comp one ts 
has been most enthusiastic. Here is our best Idt Yet! 
We supply the following items: 1 
Hz primary. Secondaries 24 Volts 
Volts C. T. @ 4 Amps, 40 Volts 
Volts C. T. © 4 Amps. 4 Each 
© 65 Volts. 4 Each power transistors 2N1137B. 4 Each 
Silicon Rectifier Heat sink assemblies consisting of B 
Each 1N3661 25 amp 200 Volt diodes in heal Sinks, 
4 Terminal Boards. 2 1N429 precision reference zener 
diode. With these components you can develop four 
different voltages (either plus or minus) simultaneously. 
Complete with circuit suggest ions , . , , RHCPSK 

$19.00 (PH $2.00) 

DUMONT TYPE 295 OSCILLOSCOPE CAMERA 

This camera uses Wollensaks finest F: 
Oscillo Rapiar fens. Fairchild Dumont 
price $760.00. May be hand operated 
m single exposures, or battery operated 
0 rapid sequence. Uses standard 35mm 


Transformer 115v 60 
C. T. @ 4 Amps, 24 
C. T. ® 4 Amps, 40 
Capacitors 2000 MFD 



and mounts 
Only a few available so hurry 


on any 5 Inch 
295 DOC S95.0Q 


1.5 
net 
for 
for 
film 
Oscilloscope. 
(PH $4.90) 



1000 MFD TANTALUM CAPACITORS 
Buy a brand new high capacitance Tantalum Capacitor for 
less than the price of an equivalent Aluminum foil unit. 
You gain the advantage of small sizes, high ref tab! tty, 
infinite life, and high temperature operation. Don't let 
the Electrolytic capacitor he the largest sire and least 
reliable component in the next home project or replacement. 
Regular net price of these units is $7200. Brand new Ind. 
Surplus. Tantalum Capidtor 1000 MFD TC 1000 $2.00 
P P ; Tantalum Capacitor 400 MFD TC 400 $2.00 P.P. 

D. C. to 400 CYCLE POWER SUPPLY KIT 
This is an indispensable Item if you want 
10 run Gov't Surplus aircraft Pr missllt 
electronics. It will convert 12VDC or 6VBC 
to HO volts, 40 cycle 35 watts. The 
kit Includes a high quality potted trans¬ 
former, transistors, resistors, diodes and 
instructions. No hardware or cabinet Is provided. The 
output waveform Is square rather than sinusoidal, but 
our experience has been tbit this wilt not make any 
difference since military equip. Is msensHve to wave¬ 
form distortion. 35 WPS $3.50 (PH $1.00) 60 Walt 
POWER SUPPLY. Same as above, but with output 
of 60 watts , , , 60WPS $5.50 (PH $1.50) 

MINI-BOX HEAT SINKS 

Made of gold 1 anodized aluminum. De¬ 
signed for transistor ignition systems. It 
is the very best Heat Sink assembly we 
have run across in our travels. Inside 
dimensions are 1 3/4 wide * 3 5/8 

long x 2 3/8 high. 2 shelves Inside for 
mounting transistors & diodes. Brand new with hardware. 
Use It in your next project to give It that professional 
look. MHBS $2 00 postpaid 

B & F ENTERPRISES 

P. O. BOX 44 
HATHORNE. MASS. 01937 

P.P. = POSTAGE PAID 
P.H, = POSTAGE, HANDLING CHARGES 
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Operate! cm 117 VAC — 12 VDC — of opimnal internal Nt CAD 
battery 


* Small 51 /e S'* X 3 >/,*h x 9 >/,”d 

* Light weight — (.*5! than <>/j Ibv 

* Built m 117 VAC power supply 

* Simply plug in proper power cable to charge from 117 VAC 
to 12 VDC operation 

■ Transmitter and receiver channel* individually vwilcbabfe 

* 3 cfiarmeii transmit — 3 ctuneeli receive 

* Push to talk operation. 

* Iransnutti’r output — A watts rmrumum 


Self contained 3“ X 5’ speaker 


Mi friary type liberpijss pruned circuit board a 


Eponcy painted cabinet 


Regulated power supply — cannot be damaged by reverse 
polarity 


May lie Oriliired tor either wide or narrrw band operation at 
no extra charge (wide band supplied unless spcdied) 


COMPLETE WITH ONE SET OF CRYSTALS ON 146,94, 117 VAC AND 12 VDC 

POWER CABLES, LESS MICROPHONE AND ANTENNA ..... *?8S 00 

MICROPHONE ... 16.00 

EXTRA CRYSTALS (TRANSMIT OR RECEIVE) ........ 7.00 

BUILT IN NICAO BATTERY AND CHARGER .. 47.00 


f/VTBfirVATfOiUAL CD/VT/VfUA//C4T/OA/0 a/ s/a ELECTBOWtCS, i**c. 

8507 SPEEDWAY, SAN ANTONIO, TEXAS 78230, 5l2-34}-t31t 
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Radio 


SOMETHING 

VERY 

SPECIAL 



RSGB 



Society 


of 


Great 


Britain 


Yes, our books from the RSGB are deserving of your very 
special attention. 

Carefully prepared with traditional British thoroughness 
these books form an invaluable guide to the enjoyment of 
our hobby. 


RADIO COMMUNICATION HANDBOOK — Fourth Edition 

A complete guide to virtually all technical aspects of amateur radio. Over 50% 
larger than previous editions. Prepared by the outstanding amateurs in Great 
Britian today. 832 pages Hardbound $11.95 


AMATEUR RADIO TECHNIQUES — Second 
Edition — J. Pat Hawker, G3VA 

Brand new edition — completely re¬ 
vised. A very complete collection of short 
articles and ideas covering many aspects 
of amateur radio. Includes new enlarged 
semiconductor section. 

160 pages Only $2.50 

AMATEUR RADIO CIRCUITS BOOK 

Completely revised — new edition. A 
very handy collection of many useful cir¬ 
cuits for amateur use. Loaded with good 
ideas for that new converter, exciter or 
other project you are working on. 

Only $2.00 


RADIO DATA REFERENCE BOOK — Second 
Edition — By G. K. Jessop, G6JP 

Here in a 148 page book is one of the 
most complete compilations of radio and 
electronic charts, nomographs, formulas and 
design data available. Whether you design, 
build or operate, this is a book you must 
have. Onjy $2.50 

WORLD AT THEIR FINGER TIPS — John 
Clarricoats, G6CL 

A very interesting history of the RSGB 
and of amateur radio in Great Britain. It 
gives a great insight into the development 
of our hobby. Paper back edition $2.50 

Deluxe edition $6.50 


ALL PRICES POSTPAID IN U. S. A. AND CANADA 

book division 



Box 592 • Amherst, New Hampshire 03031 

“WE ARE THE EXCLUSIVE NORTH AMERICAN DISTRIBUTOR FOR RSGB PUBLICATIONS — 

DEALER INQUIRIES INVITED" 
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OUR OWN 
PROFESSIONAL 

STEREO-MONAURAL PHONES 


Professionally Approved QUEMENT MODEL MT-2 
Deluxe 20,000 Ohm/Volt VOM 

COMPLETE WITH LEATHER CASE 


wood OMMi VOIT DC <0.000 OHMS VOIT AC 

e-k* *c v.rfi-ui 

•it" II 1 l i nt el DC (ffipii V- -* • ■ wi 

C “ H “ H ^ 
hlfcd ■ i HU CW 


TMOUVAhOS Of THESI Uni MUFft! !QtP TO 
HAM!. EkftllMINTEti. DOVFlNMENT AND 
JhPUSTHlAl PLANT] 


SHIPPED PREPAID USA 


COMnm OUTFIT 


FtOPUCT 


HOVA TECH 

models 

IN STOCK' 


th every 


MODEL 
SW0.2 
ADD $1 POSTAGE 


VOUH CHOICE 


TOO ft CHOI Cl 


ALL NOVA-TECH RECEIVERS SHIPPED PREPAID 


ALLTRAN5ISTORIZEO 
GRID DIP METER 

Hlfhnl biblilf 
HuuyDlp 


JUDSON 

ELECTRIC 

MAGNETO 

REGULAR 4? *5. 

AT QUEUfNT* JjL 

750 


THOUSANDS SOLD 


TO KH WAITI -MODEL »WB 1 

L — - » Hl*OS *Nl! 

j|t ^ MM Jpk M HlTLt’cTED Powtfl 

Ij T II WZ simultah«ou*lv 

I ■H| - EAST HAD' MKttlTS 

fl ■ ■ Z I ■ I * USE FOB niu Hf.Nfl 

Uf I powm Mi: tyn 

» * Dual toc-MiCHDAwP 

METf H MOV EME NTS 

ADD 51 POSTAGE • LOW pNSfHlbON I.USS 

*SIET 


ONE OF THE HOT 
TEST ITEMS WE 
HAVE EVER SOLD' 


ADD $2 POSTAGE 


CrtUM-h r* ultl 


FAST SERVICE 


PHONE AREA 40fl 294-0464 


SINCE 1933 


□UEMENTS 


SAN JOSE, CALIF. 95120 


1000 SOOTH BASCOM AVE 


NOTICE: CALIFORNIA RESIDENTS INCLUDE 5 PERCENT" SALES TAX 
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"HOT," Husky, ond Handsome! 



Wattmeter/ 

Antenna 

Selector 


$69.00 


GT-550 

Transceiver 


$449.00 


Speaker 

Console 


$19.95 


THE NEW 

GALAXY GT-550 


AND 

A COMPLETE LINE OF TEN HANDSOME ACCESSORIES 


Your suggestions mad? it possible, He took your Ideas-added some at out own and went to work He huNl in new prtwer new 
convenlences-such as a 25 ki|* calibrator opium uid no fre^ueticy jump when you »wit< h sideband*. Then we hired the best 
designers in ihe business to wve a distinctive "New Look"' 

Our new <»1 VW has all those areal qualities of lhe famous \*s . . . and then some 1 II has new 1*0Ml-it . , , !>5d walls 

SSB making it Ihe hoilesi transceiver made 1 \ new single scale V|-i> Dial makes frrQUMlC} Interpol ailon child's play . . . the 
new skirted knobs make tuning .uid tumd-changing .1 split second |nh . , . and, that slick klng-si/.ed linger-up tuning knob 

works like a dream" p. s. sumnK unbeliev able but U's an even HOTTE8 receiver than our previous chains? V'a 1 


Available Now 
At 



AMATEUR RADIO INC. 

TWO GREAT STORES TO SERVE YOU 



L. A. Amateur Radio Supply 

2302 B ARTESIA 
REDONDO BEACH, CALIF. 90278 


Evansville Amateur Radio Supply 

1311 N, FULTON AVENUE 
EVANSVILLE. INDIANA 


213-376-4455 


812-422-4551 
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■ RATES Commercial Ads 250 per 
word; non-commercial ads 100 per word 
payable in advance. No cash discounts 
or agency commissions allowed. 


■ COPY No special layout or arrange¬ 
ments available. Material should be type¬ 
written or clearly printed and must in¬ 
clude full name and address. We reserve 
the right to reject unsuitable copy. Ham 
Radio can not check out each advertiser 
and thus cannot be held responsible for 
claims made. Liability for correctness of 
material limited to corrected ad in next 
available issue. Deadline is 15th of 
second preceeding month. 

■ SEND MATERIAL TO: Flea Market, 
Ham Radio, Greenville, N. H. 03048. 



TEST EQUIPMENT WANTED: Any equipment made by 
Hewlett-Packard, Tektronix, General Radio, Stoddart, 
Measurements, Boonton. Also military types with 
URM-C ), USM-( ), TS-( ), SG-( ) and similar nomen¬ 
clatures. Waveguide and coaxial components also 
needed. Please send accurate description of what 
you have to sell and its condition to Tucker Elec¬ 
tronics Company, Box 1050, Garland, TX 75040. 

KEY KLICKERS OF STIRLING will hold their first 
annual HAM AUCTION on Friday, April 11, 1969 at 
Central School Gym. Central Avenue, Stirling, N. J. 
at 8:00 p.m. A 300 plus seating arrangement is 
planned so come early and bring items for sale. 
For further information and/or directions contact 
Van W2DLT after 10:00 p.m. at 201-647-3325. 

DAYTON Hamvention April 26, 1969: Sponsored by 
Dayton Amateur Radio Association for the 18th year. 
Technical sessions, exhibits and hidden transmitter 
hunt. An interesting ladies program for XYL. For 
information watch ads or write Dayton Hamvention; 
Dept. H, Box 44, Dayton, Ohio 45401. 
POLICE-FIRE RADIO STATION DIRECTORIES show 
callsigns, frequencies; nationwide. Used by AREC, 
CD, RACES, Vamps, VHF buffs. Stamp brings cata¬ 
logs. Communications, Box 56-HR, Commack, N. Y. 

TO ALL DXERS: Starting January 6, 1969, the 

Arkansas DX Association will sponsor a DX infor¬ 
mation net on 3860 KHZ every Monday night at 
0030 GMT. This net will be open to all amateurs 

interested in DX no matter what call area you are 
in. Members of the Arkansas DX Association will 

act as net control stations. These stations will be 
WA5EFL, K5QHS, W5HTY, W5HJA, K5HYB, WA5QYR, 
WA50FT, or W5THY. 

LOOK FOR VK2BPO and VK2BRJ operating from 

Norfolk Island (VK9) for two weeks starting February 
12: Cocos-Keeling (VK9) starting March 2 or 3. 
Frequencies will be 7005, 12025, 21025 and 28025. 
QSL with SASE to Bob James, W4WS/VK2BRJ, 

P. O. Box 635, Dunedin, Florida 33528. 

GONSET GSB-6 SIDEWINDER, brand new, sealed 
factory carton, $285; ac supply, $60; dc supply, $50; 
500-watt 913A linear, $245; all new equipment. 
WB2LZD. 607-785-5862. 


FLORIDA QSO PARTY. FLORIDA SKIP is happy to 
announce the Fifth annual Florida QSO Party to be 
held March 29 and 30th, 1969. AH amateurs are 
invited to participate. Contest Periods: 1500-2000, 
0000-0500, 1400-2400 all times GMT. Suggested 

Frequencies: CW 1815, 3560, 7060, 14060, 21060, 

28060 kHz. Phone 1815, 3860, 7360, 14260, 21360, 
28860 kHz. For complete details contact Florida Skip, 
Inc., P. O. Box 501, Miami Springs, Florida 33166. 

CELLAR FULL fax, RTTY, other surplus gear. List 
free. G. White, 5716 N. King's Highway, Alexandria, 
Va. 22303. 

The BLOSSOMLAND AMATEUR RADIO ASSOCIATION 

will hold its annual AUCTION on Sunday, March 16, 
1969 at the Downtowner Restaurant, 69 Wall Street, 
Benton Harbor, Mich. The auction will start at 
10:00 a.m. 

Anyone, including hams, CBer's, hobbyist, RC model¬ 
ers, etc., is invited to bring anything electronic they 
have to sell or have auctioned off. Come to join in 
the fun, and possibly pick up some good bargains 
in the process. Call-in 146.94 and 52.525 MHz for 
FM and 3.930 MHz for SSB. 

TOROIDS: 44&88mhy., center-tapped, not potted, 5/ 
$2.00 POSTPAID. Model 32KSR complete page printer, 
excellent operating condition $325. Model 15 page 

C rioters $85. Motorola 55 amp alternator complete, 
rand-new $60. Hallicrafters CSM-20 30watt hi-band 
mobile, like new $95. Hallicrafters SX101A receiver 
$160. Dow-Key relay $10. 11/16" reperferator tape 

$3 / box/10. Page printer paper $5.50/case/12. 
WANTED: Back covers for rf unit of measurements 
Model 80 signal generator. PTO for Collins 51J3 
(#70E15). RTTY and FM gear. Stamp for list. Van 
W2DLT, 302H Passaic Avenue, Stirling, N. J. 07980. 
THE TENTH ANNUAL NEW YORK STATE Southern 
Tier Hamfest sponsored by the IBM Amateur Radio 
Club, QCWA, AREC and affiliated clubs will be held 
on April 19, 1969 at St. John's Memorial Center 

in Johnson City, N. Y., starting at 1 p.m. Adult tickets 
$4.50 and Students tickets $2.50. Advance sale only. 
Closing date on ticket sales is April 16th. Afternoon 
activities include speeches, displays and contests. 
Surprise events throughout the day. Banquet/Dinner 
promptly at 7:00 p.m. Tickets and full particulars 
may be obtained from ticket chairman, Joe Kuntz, 
WA2ZTY, 1020 Forrest Road, Endwell, N. Y. Zip 
code 13760. Don't miss this one. 

MANUALS — TS-173/UR, TS-186-D/UP, TS-323/UR, 
BC-638A, TDA-2, $5.00 each. Sam Consalvo, W3IHD, 
4905 Roanne Drive, Washington, D. C. 20021. 

FOR SALE: KWM2, Waters Rejection Tuning, 516F2, 
$750. KWM2-A #15,965 (very late), 516F2 (new), $925. 
312B5, $275. 75S3-C (latest series), $600. KWM2 

Noise Blanker, $75. KWM2 Mobile Mount, $75. 
32S2, 516F2, $450. 75S1 #11,472, 0.5, 2.1 kcs, $275. 
75A3, $250. Ranger I, LPF, $75. Gonset G-28, $125. 
Heath Q-Multiplier, $5. Match-Box #250-23, $35. 

#250-30-3, $115. Telrex 10M-309-B, $35. Telrex 
20M3E26, $165. Eldico SSB-100-F, $225. SSB-1000-F 

Linear, $225. P & H LA-500-M "SPITFIRE" linear, 
new, $75. 75A-4 #3126, 2.1 kcs, 7360/6U8A Mixers, 

$350. 75A-4 #3481, 0.5, 3.1 kcs, $385. Eico 320 
Signal Generator, $15. SW-500-C, VOX, $390. GSB-202, 
$225. James W. Craig, Jr., W1FBG, 29 Sherburne Ave., 
Portsmouth, N. H. 03801. 

FANTASTIC — 1969 New England ARRL Convention 
May 24 & 25, Swampscott, Massachusetts. Save 

money! Early bird registration $10.50 including 
Saturday dinner, dance and night club entertainment. 
Be a winner! Every major manufacturer will exhibit 
plus top speakers from science & industry. Tickets: 
W1KCO, John McCormick, Berkeley Street, Taunton, 
Massachusetts. 

WRL'S used gear has trial-guarantee-terms! Gonset 
G-28 — $99.95; Heath SB-300 — $229.95; HW22 — 
$89.95; HW10 — $129.95; Hallicrafters SR34AC — 
$149.95; SX146 — $189.95; Globe VHF62 — $79.95; 
Swan 400/420 — $299.95; 400/406 — $239.95; 
Galaxy 300 — $139.95; V — $299.95; Vmk2 — 
$279.95; Hundreds more — Free "blue-book" list. 
WRL, Box 919, Council Bluffs, Iowa 51501. 

SWAN 350 — late model, opp side band, xtal cal, 
vox, and cw side tone — $325.00. K6MHE Danny 
Richardson, 10741 Madge Ave., South Gate, Calif. 
90281 (213-869-6784). 

CQ WAS. Reno novices will enable those needing 
Nevada for WAS to contact us. Frequencies 3710, 
3735, 7160, 7175, 7190, 21120, 21150. Call CQ — 
WAS 0800 GMT March 22 to 0800 GMT March 24. 

ENGRAVED PLASTIC NAME BADGES one line $1.00. 
By money order satisfaction guaranteed. We specialize 
in badges for clubs, send name and design for 
sample. Engraving by Parlet, P. O. Box 1167, Paso 
Robles, Calif. 93446. 



march 1969 


85 







STOP WASTING YOUR SIGNAL! 
REMEMBER, YOUR ANTENNA 
IS THE MOST IMPORTANT 
PIECE OF GEAR YOU OWN, 

• No Radlotioft from Coax 

• No C*nr*i' I multi tor Ntadad 

• P*rf*ct far In varied Vm 
IU i a Hang-up Hook) 

• Suiftan lightning orreilar 


JWTThW «TTDf( 


4 .} 75 ohm coox to 300 ohm 
bo Ion cod 

A mutt for Inverted V**i, 
Doubts It, Quods, Yog it ond 
Multiple DipoUi. 

tn rtt AMATEUR 
•Jr I X t 7 >/ fjf]' 


COAXIAL LIGHTNING 
ARRESTORS 

Zero power loti No increase in 
SWR tt 150 Me Does not attenuate 
t.gnalt Model 210 for 1000 W (AM) 
or 2000 W (SS0) Model 211 Elec' 


"COMMUNICATION ENGINEERED" 

By "HAMMie" RICHARDT—W2WIV 


ELECTRONIC APPLICATIONS CO. 

ROUTE 44, Pme Brook, N J €7064 


Don't pay for the 5th and 6lh position. The aver¬ 
age HAM rarelv uses more than 4! 

SPECIFICATIONS: Silvered Conucts Wnte-on ERASABLE 
escutcheon pine AVAILABLE EITHER 4 PST (COAX 4) OR 
LINEAR (COAX LINEAR) IN OUT VERSION Handles 1000 W 
AM or 2000 W SS6 Insertion loss negligible to 160 Me, 
VSWR Lets than 12 al 160 Me Size 3*/*" die a W overall 
Single hole mount SPECIFY MODEL *7 65 a* 


Ironic italic arrestor for 60 W (AMJ 

or 100 W (SSBj SO 239 UHF type fitting* Other fittings 
available Sue appro* 3V 1 ■/*" dia #210 $3 15 aa #211 
14 65 aa SPECIFY model # 


PRICES above are amateur n«t Shipped ppd. in U S A Send 
Check or M O (N J t ADD 3V* Salat T«i) 


OTHER PRODUCTS; Feed thru capacitors. Tuned note# 
filters. Alternator, generator, low-pas* and held Filters SEND 
FOR CATALOG, 


. . THE BEST 

6 METER 

CONVERTER 


Model 407 


$34.95 


ppd. 


50-52 MHz in, 28-30 MHz out 
or 52-64 MHz with a second crystal. 


A full description of this fantastic converter 
would fill this pauc\ but > J i*u can take ou i word 
for it lur ihoitr id hundreds of satisfied 11 sen) 
lh.it it's the best. The reason is simple — wc use 
three RCA dual gate MOSFETi, one bipolar, and 
3 dudes in the best circuit ever. Still not con¬ 
vinced? Then send for mir free cat id'it; and net 
the full description, plus photos and even the 
schematic, 

Can't wait? Then send ui 11 postal money order 
for S34 .y5 and we'll rush the 407 out to you, 
NOTE: The Model 407 is nLsu available in any 
frequency combination up to 450 Mllr. i mine at 
higher prices 1 as listed in mo catalog, New York 
C’ity and State residents add local sale* in*. 


Radio Amateur 
Emblems engraved 
with your call letters. 


Toka* Lego! Power Limit 
Two Modal st 

It! 50 ohm coox To 50 ohm 

1 _ 1 ___ 1 


All illuitrohons 
ora aclual sue. 


TT AMU vum ; pp*ii priiunia riuvryigp VHMuy * . i * p ifFTiT# 

W2AU Complete pretun+d Vinyl Quod. *44.75 

U NADI L LA radiation products 

Unaddto. New York 1384$ 


U*2- 


n Gold 

Q Rhodium 

call letters 

$5.00 Ea, 


□ Gold 
Q Rhodium 


calf fetters 
$5.00 Ea. 


□ Gold 

□ Rhodium 

call letters 

$5.00 Ea, 


I Rush Order To: RADIO AMATEUR CALLBO0K, Inc. 
4844 Fullerton Ave*, Chicago, Illinois 6063$ 1 


LOW PRICE, 
QUALITY, 
COAXIAL 
SWITCHES... 


VANGUARD LABS 

Dept R* 196-23 Jamaica Ave.> Hollis, N.Y. U423 


86 ra march 1969 























A 5 BAND 260 WATT SSB TRANSCEIVER 

WITH BUILT-IN AC AND DC 

SUPPLY AND LOUDSPEAKER JVA 


a complete amateur 

radio station 




in one 


portable pac 


To learn all about the new SWAN CYGNET come in and 
pay us a visit or get in touch with one ot our staff today. 



_____ 


ELECTRONIC SALES CO. 


1237 - 16TH ST,, DENVER, COLO. 60202 

303 / 244 — 5523 


JOHN WAOADV 
WILLARD WOBQO 
GARY WAOKLP 


JOHN WOFU 
MIKE WA0KXR 

CAREY WAP ECS 
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LARGEST SELECTION in United States 
AT LOWEST PRICES — 48 hr. delivery 

Thousands of frequencies in 
/ \ I \| stock. Types include HC6/U* HD 
/ , \ i} 1S/U, FT- 241, FT-243 1 FT-371. etc. 

) J/ a \l I SEND 10* for catalog with 

Cj\ — _J|\f oscilfator circuits. Refunded on 
W first order. 

PDVCTAfC 2400H Crystal Drive 

UMOIHLO Ft, Myers, Florida 33901 


CRYSTALS 


WE PAY CASH FOR TUBES 

LEWISPAUL ELECTRONICS INC. 
303 W. Crescent Avenue 
Allendale, New Jersey 07401 


■e- 






. . * . through either of these antenna noise bridge units, which provide 
accurate and fast testing of antennas and feed lines at a reasonable cost. 


Model TE 7 01 

* Antenna Noise Bridge 

* Range — 1 to 100 MHz 

* RCA Tip Jacks 

* Resistance Testing' 

0 — 100 ohms 

424.95 


Features Applicable to Both Models: 

* TeM antenna for both resonant frequency and impedance 
4 Replace VSWR bridges or other antenna test equipment. 

* Optimum performance through alignment and test of 
mobile or fixed station antennas, 

*Test beams, whips, dipoles, quads, or complete tuner 
systems. 

Applications (lain and opera!mg instructions included. For 
descriptive literature write: 


Model IE 7-02 

• Extended Range Antenna 
Noise Bridge 

4 Range — l to 300 MHi 

• BNC Connectors 

• Resistance Testing — 

0 to infinity, calibrated 1 
25-100 ohms 

$34.95 


omega-t ngutema 
incorporated 


300 TEfWACE VILLAGE ' HICHAADSON TEXAS 750*0 
fjl*1 131-5131 


THAT 


YOU 


NEED 


LJitefi tor ihe hundred* of 
UC-7DQO lirtcdr* non* on The 
oir ond lud^e for youncl? 
Wrife tor ftOfl illu*rrarcd 
brochure or lend SI .00 tor 
Technical cind instruction 
monvat. 


BTILK-2000 

LINEAR 

AMPLIFIER 

For SSB, CW, RTTY 

Maximun legol input 
Ml loading 80-lOM 
Rugged Eimac 3-lOODl 
Dependable operation 
Easy to load and tune 
No flat topping with ALC 
Distinguished console 
Instant transmit 
High efficiency circuit 
Designed for safety 
Fast band switching 
Real signal impact 

Price.... *795 00 

RtAPY TO OPERATE) 


ST 1 AMATEUR DIVISION 


Hafstram Technical Products 

4616 Santa Fe, San Diego, Ca. 92109 


M LM" — Navy Freq. Meter with 
Calibration book. $49.95 

Send for catalog #145. 


A LIS # ■* 


PLlcriOWPC INIfiriUTOEl 


2534 SOUTH MICHIGAN AVENUE 
CHICAGO, ILLINOIS 60616 
312 CALUMET 5-4750 


the permaflexkey 

■ both a twin l*v*r O ilrughi hand k*y 
in i pintliu 2 paddl# dnign. 

# grm ioitent c ho lea of automatic 
Hffli-lwtomntiC & ifraight Hand Laying;. 

# uia dimcilf wlk any tranimittfr W 

ihrevgk an il«t>9Nif Vmym*- 

i 0 amp. gold drffuiad illvar contacts 
idjutl from 0-.060' Cr 5-50 gram. 

# diitincfnt biu* padJIti ir« of 
rugged G-IO libcrglm (poxy. 

t ubintt ii 16 gtug* poll*hod chroma 1 p 

•t*ah 1,9V paddloa 

airland 1.25", waighl «pp. I pound. * * 

% iilicofti rubbir lift for liability. (Writ 

■ 100 v US mad a €r guaranteed for I yr, HlS 


192 = 


comp late. 


James Research company,dep't: l 
11 schermerhorn si, Brooklyn n*y; 


Mnda dwelt or m.o. 
t*ld fey mall Only 

,dep't:HR- K 

clvn n*v* H201 


m 
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COMMUNICATION 


SYSTEMS 
SINCE 1921 


“Beamed-Power”ANTENNA$,“BALUNS” 
I.V. KITS and ROTATOR SYSTEMS! 


Most Technically Perfected, finest Communication 
Arrays in the World! Precision Tuned Matched 
and 'Baiun" Fed for "Balanced Pattern" to assure 
"TOP MAN ON-THE.FREQUENCY" Results 


- with a MATERIAL DIFFERENCE! 

Use- i$ one of ihe most dependable 
testimonials of endorsement, and THrex 
products are in use in ) 39 Lands 


Enjoy World renown TEL REX performance, value 
and durability! Send for PLflfl tech- data and 
pricing catalog, describing professionally engineered 
com i mini cation antenna systems, rOtator-selsyn-indi¬ 
cator-systems, "Baiuns , I V. Kits, Towers, "Mono- 
Pole", "Big-Berthas", actesscirfes* etc. etc. 


Ccmmu n rc of ion 

^ M Engineering 

B m '%/' i ohoratoriei 


ASSUftY PARK, NEW JERSEY 07712* U S A. 




locofe New Sub-Bands 

Accurately! Four wires connect lt-3 Divider to your 100KC telibrat&r to 
give 25KC marks, Circuit board |V*" * T’i", Specify supply voltage 
- 3 300DC. tD mo. (Lowest ti b«f.) Send for IC-3, 57.25 postpaid 


PAXITRONIX INC. BOX I03B (D) Boulder, Colo. 80302 


Radio Amateurs 
Reference Library 
of Maps and Atlas 


WQRLO PREFIX MAP - Full color, 40' x 28", shows 
prefixes on each country . , DX zones. time rants, 
cities, cross referenced table* poilptid f 1.00 

RADIO AMATEURS GREAT CIRCLE CHART OF THE 
WORLD — from the center of the United States^ Full 
color, 30" m . 2S“, listing Greet Circle bearing? in de¬ 
grees for six major U.S. cities, Boston, Washington, 
O.C., Miami, Seattle, San Francisco & Los Angeles 

postpaid 11.00 

RADIO AMATEURS MAP OF NORTH AMERICA* Full 
color, 30" x 25" — Includes Central America and the 
Caribbean to the equator, showing call areas, rone 
boundaries, prefixes and time zones, FCC frequency 
chart, ptus informative information on each of the 50 
United States and other Countries postpaid SI,00 

WORLD ATLAS — Only atlas compiled for radio ama 
teurs Packed with wortd-wjde information — includes 
1L maps, in 4 colors with zone boundaries and coun¬ 
try prefixes on each map. Afso includes a polar pro- 
lection map of the world plus a map of the Antarctica 
— a complete set of maps of the world. 20 pages, 
size x 12' postpaid 12.00 

Complete reference library of maps ~ set of 4 as titled 

above ....... postpaid $3-00 

See your favorite dealer or order direct. 


wmi ft 
wit 

BOO CHUM! 


RADIO AMATEUR I j 

4* callbookmc 

JSjjDspt. 0 484A W. Fullerton Ave 
U*** Chicago, III. 60639 


LIBERTY PAYS MORE!! 

WILL BUY FOR CASH — ALL TYPES 
Electron Tubes Semiconductor? Test Equipment 

Military Electronic Equipment 

Wire, write, phone col lea 1 Wr pjy fretfllu on alt purchases) 

LIBERTY ELECTRONICS* INC. 

548 Broadway, New York* N. Y 10012 
Phon*,- 212/925-6000 


THE BEST 


2 METER 


CONVERTER 


Model 407 

k $34*95 

■ pp d - 


144-146 MHz In, 28-30 MHz out 
or 146-148 MHz with a second crystal 

A full description nf this fantastic converter 
would Fill this page, but you can take our word 
for it (or those of hundreds of satisfied users) 
that it's the best. The reason is simple — we use 
three RCA dual gate MOSFETs, one bipolar, and 
3 diodes in the best circuit ever. Still nut con¬ 
vinced? Then send for our free catalog and get 
the full description, plus photos and even the 
schematic. 

Can’t wait? Then send us a postal money order 
for 534 95 and we*ll rush the 407 out to you. 
NOTE: The Model 407 is also available in any 
frequency combination up to 450 MHz (some at 
higher priors) as listed in our catalog. New York 
City and State residents add local sales tax, 

VANGUARD LABS 

DepL R* 196-23 Jamaica Ave-* Hollis, N.Y. 11423 
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radio amateur 


WltlTF FOIf 
FHt 

B80CHUM! 


Eliminate "walking’' and 
increase your sending 
speed. ,/ c-R 


t mint an tudibl* ion* to monitor 
lh* BF of any CW Ifom 

lOMw io : Kw & IQQKe te lOOOMc* 

tiling onljf *n A* pickup *nt*nni. 
Itinkt talf-tfipgarad for cedi 
practic* 0 i th* totting of is lid 
■tali* componanti and tifcvifa- 
V aid* in tuning up 6 tailing ftf 

aitiflatcr and pm**r tiftUifcl. 

• 4 trantiltor, 2 diad* crreuil, 
tp«ak«f r ton* idjuti. M pancaU r 
tut laidi, S' ant.. €r mignitic bln, 
t cabin at ii 16 gauga black Cr claar 
anodiitd aluminum, 2.4 * 2,2 * 1+2" 
US mad* & guaranteed for I r**r. 

James Research come 
11 schermerhorn si, b 


for Electronic 
Keyers 


SURPLUS WANTED 

EQUIPMENT WITH PREFIXES ARA, ARC. ARM, 
ARN, APA, ASM, ASA. APN, APR, ARR, ASQ* 
GRR, GRC, GRM, GPM. VRC, UPX« URA. URR* 
URM, USM, UPM, SG, MD, PRM, PSM. PRC* 
TMQ. TRM, TED. SPA, SRT, CU. COMMERCIAL 
EQUIPMENT BY ARC, BIRD, BOONTON, BENDIX. 
COLLINS, MEASUREMENTS, HP, NARDA, GR. 
SPERRY* ETC. 

TOP CASH DOLLAR PAID OR TRADE 

WE STOCK NEW HAM GEAR 

WRITE ■ WIRE * PHONE <8I3) 722-1B43 
BILL 5LEP, W4FHY 


WjVM£. 1fpu «'< tott, now* coliKt, Tor tett quttt 

space ttfcrmmics 

- IN, *t (fill TAB I LitfCTWMIlCS CO*P- 

u Sumrmi Ayr,, East Plttnon N J 07407, f2QU 7^1 5050 


GET YOUR NEW 
ISSUE NOW! 

Over 283,000 OTHs 
m the U S edition 

$6.95 

\ Over 135,000 QTHs 
in the DX edition 

$4.95 


HIGHEST $ $ PAID FOR TUBES 


1ZO WEST 18th STREET 


NEW YORK 10011 * 212 242-7400 

Free Tube List 


\ ' See your favorite deafer or 

1 ~ order direct (add 25C for 

mailing in U S.. Possessions 
These valuable EXTRA features K Canada Elsewhere add 
included m both editions 1 500, 

* Radio Amateurs' Pretties 
by Countries! 

* A R R.L Phonetic Alphabet! 

* Where To Buy! 

* Great Circle Gearings! 

* International Postal 
Information!’ 

* Plus much more 1 


FOR THE HAND WINDERS 
FITS ANY CRANK UP TOWER 
COMPLETE WITH WATERPROOF MOTOR 

$199,95 

Without Motor SI29.95 


* QSt, Managers Around Itie 
World! 

* Census of Radio Amateurs 
throughout the world! 

* Radio Amateurs' License 
Class' 

* World Prelirt Map 1 

* international Radio 
Amateur Pretties 


NEW TRON1C5 
— TIMES COAX 


HYGAIN 

TRISTAO 


MOSLEY — 
MYLAP ROPE 


Write for latest catalog 

ANTENNA MART 

BOX 7, RIPPEY, IOWA 50735 
Telephone 2279 


RADIO AMATEUR 


CdllOaUK^ 

Dept G4844 W Fullerton Ave. 

Chicago* III. 60639 
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^KEEP UP TO 
^DATE ON 
YOUR DXING 


A weekly magazine (16 to 24 pages each 
week. 

Current DX that’s on the air, and info about 
what’s planned for the immediate future. 
What's being heard by the boys. Etc. 

FULL DX INFO EVERY WEEK. 

Per year—Surface mail (they say most 
1st class mail actually goes via air) $11.00 

The DXERS Magazine, (W4BPD) 
Route 1, Box 161 -A, 

Cordova, S.C. 29039 


LET W3KT 
FORWARD YOUR 
DX QSLS 

/^oln the thousands of satisfied hams who have 
y been using this service for the past seven 
years. During 1967 alone, over 200,000 QSLs 
were forwarded to OX stations. This is a DELUXE 
service, insuring prompt and continuous mailings, 
and involving a minimum of effort on your part. 

^ust fill in your QSLs and send them to W3KT. 
f You don't have to address the cards, or indi¬ 
cate the QSL manager, or send any SASEs. Where 
a DX station uses a stateside QSL manager, your 
card will be sent to him with an SASE, and the 
reply will come back to W3KT, who will send it to 
your call area QSL bureau. Other QSLs will be sent 
to the proper QSL Bureau, or, if necessary, direct. 

Jpemember, your QSL is a personal message. 
^ Therefore W3KT sends it by FIRST CLASS MAIL 
only. 

7 he charge: Four cents per QSL, 30 cards per 
dollar. NO MEMBERSHIP FEE. 

SAVE TIME! SAVE MONEY! 

W3KT QSL SERVICE 

RD 1, Valley Hill Road Malvern, Penna. 1935$ 



2 Element 

QUAD 

FOR tO - 15 - 20 

"JOGA QUAD" l« rated at 1 KW AM and 2 KW 
P.E.P. SSB with on* single f*#d lln* *njoy m*xi- 
mun foward gain and v«ry low SWR in full band¬ 
width. It‘t aaay to assemble and raiista wind* up 
K> \O0 MPH. 1Y* bghtw*ighl wfth orVy * V boom 
langth Brochur* for further information i* fr** to 


your asking. 


PRODUCTOS 


JOGA 


CALLE 50 X 45 NUM. 431 
MERIDA. YUC„ MEX. 



H AMVENTION 

April 26, 1969 


Dayton Amateur Radio Association 


DAYTON, OHIO 45405 
DEPARTMENT H • BOX 44 


ALL-BAND ANTENNA CONNECTOR 

HVE-QUE I molded connector has 
eyelets for securing antenna elements, 
/\ heavy c<;r>per leads, coax PL2.19 con- 

nector for reedline, and tle-polnt for 
antenna support. Drip-cap protects 
Tfckp connector. Reinforced. At your deai- 

IF ers. or $2.95 postpd. Companion In- 

sulators. 2 for 99# ppd. Instructions 
^ included. 

BUDWIG MFG. CO., P.O. Box 97H. Ramona. Calif. 92065 


o5 ^ ^ 


* 


You can be sure with Barry . . . 

Fair dealing since 1938 

Send lists of your unused TUBES, 
Receivers, Semi-Conductors, 

Vac. Variables, Test Equipment, etc. 

No Quantity too Small. 

No Quantity too Large. 

Write or Call now . . . BARRY, W2LNI 

BARRY ELECTRONICS 

512 BROADWAY • NEW YORK, N. Y. 10012 
212 - WA 5-7000 
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ZENERS 


ALL DEVICES TESTED AND GUARANTEED 
400 MILLIWATT UNITS 

3 3.3 3.6 3.9 4.3 4.7 5.1 5.6 

6.2 6.8 7.5 8.2 9.1 10 11 12 

13 15 16 18 20 22 24 27 

VOLTS 





1 

WATT* UNITS 




11 

12 

13 

15 

16 18 

20 

22 

24 

27 

30 

33 

36 

39 

43 47 

51 

56 

62 

68 

75 

82 

91 

100 

110 120 
200 
VOLTS 

130 

150 

160 

180 


PRICE: ALL UNITS 10% 4 for $1.00 ppd. 

5% 3 for $1.00 ppd. 


HEY THERE! 

YOU WITH GEAR 
IN YOUR SHACK! 

Don’t clutter up your home with all that stuff! 
Better to clutter up our warehouse — and get 
paid In the bargain! Don't waste time asking 
us for prices. Tell us exactly what you want 
for your Gen. Radio, H P, Tektronix, ARC, GRC, 
TED, PRC, VRC, ARN, URR, APN and other 
military/commercial gear. Call or write todayl 


WILL PAY HI, UNREASONABLE, 
FANTASTIC PRICE FOR NAVY 10 
W. AUDIO AMPLIFIER ... in cast 
aluminum cabinet. Urgently need 
Models AM-215A, — B, — C, — 
D/U. What have U? 


COLUMBIA ELECTRONICS, Dept. H 

4365 W. Pico Blvd., Los Angeles, Calif. 90019 
Phone: (213) 938*3731 Cable: COLECTRON 



ALL ORDERS PROPERLY PACKED AND 
PROMPTLY SHIPPED 

PA. RESIDENTS ADD 6% PA. SALES TAX 

M. WEINSCHENKER K3DPJ 
PO Box 353 
Irwin, Pa. 15642 


ALL BAND TRAP ANTENNA ! 


/ ■ft 

Reduces Interference and for ALL Amateur Trent- 

Noise on ALL Makes Short Wave W miners. Guaranteed for 1000 

Receivers. Makes World-Wide ▼ Watts Power. Light, Neat, 

Reception Stronger. Complete ( Weatherproof. 

with 96 ft. 72 ohm feedtine Sealed resonant traps For novice end class redie 
amateurs! Eliminates 5 separate antennas with better performance guaranteed 
80-40-20-10 meter bands. Complete 102 ft. $19.95. 4020 1510 meter bands, 54 
ft. (best for world wide short wave reception) $18.95. Send only $3.00 (cash, ck., 
mo) and pay postman balance COD plus postage on arrival or send full price for 
postpaid delivery. Complete instructions included! 

WESTERN ELECTRONICS Dept. B Kearney, Nebr. 68847 


NOVICE CRYSTALS 


Fundamental frequencies in FT-243 holders. Pin size .093 
in., spacing .486 in. Tolerance .03% measured in oscil¬ 
lator with 32 mmfd. capacity. 

80 meters 3705-3745 kc. $1.75 ea. 

40 meters 7155*7195 kc. 1.25 ea. 

15 meters 7034-7082 kc. 1.25 ea. 

Add for postage and handling per crystal: 8<t first class; 

124 airmail. Specify frequency desired and nearest avail¬ 
able will be sent. Other frequencies in stock. Send for 
free list. Satisfaction guaranteed. 

NAT STINNETTE, P. O. drawer Q-l, Umatilla, Fla. 32784 


R138: Command rcvr 108 132 me AM, 9 tube. 2 uv sens No die); we give 
knob, tuning graph, tech data. Needs pwr sply & controls as other 
Commands. NEW 27.50 

R22: Command rcvr 540 to 1600 kc, with knob & tuning graph & tech 
data, grtd OK 17.95 

R23/ARC-5 Command rcvr (Q 5 er) 190 550 kc has dial; w/knob & tech 
data. OK’d 14.95 

R 392: Compact version R 390 Digit tune by kc & me. 0 5 to 32 me 
Select pass 2, 4 or 8 kc Ready to use w/pwr sply & book 525.00 

AN/ALR-5: Tunes 38 1000 me with ONE tuning unit CV 253 included, brand 
new. w/revr late type converted to 60 cy (R 444) also new or like brand 
new, w/book 275.00 

$41. Rectii. 8000 P|V, 400 mi, brand new contract termination. Pair, 
postpaid 5.30 

LM-14 frtq meter 125 20 me, .01%. w/ser matched cahb 4 tech data. 

100% OK 57.50 

TS-323 freq meter 20 480 me w/chart to approach .001%, tech data. 

100% OK 169.50 

SP-600 JX m creampuff condition 54 54 me 325.00 


WANTED: GOOD LAB TEST EQUIPMENT t MIL COMMUNIC. 


WE PROBABLY HAVE THE BEST INVENTORY OF GOOD LAB TEST EQUIPMENT IN 
THE COUNTRY. BUT PLEASE DO NOT ASK FOR CATALOG! ASK FOR SPECIFIC 
ITEMS OR KINDS OF ITEMS YOU NEED! WE ALSO BUY! WHAT DO YOU HAVE? 


R. E. GOODHEART CO. INC. 

Box 1220-HR, Beverly Hills, Calif. 90213 


CONVENTION 69 

ARRL NATIONAL 

DES MOINES, IOWA 
JUNE 20, 21, 22 

P.O. Box 1051, 50311 


“THE NEW APPROACH” 

IN AMATEUR VHF, UHF AND 

MICROWAVE TECHNIQUES 

IT’S DIFFERENT! 

IT'S UP TO DATE! 

IT’S ADVANCED TECHNOLOGY 
IN PRACTICE! 

READ 

VHF COMMUNICATIONS 

THE INTERNATIONAL AMATEUR QUARTERLY 

U.S.A. and Canada — Singla Issuas $1.00 (US) 
Calandar Yaar Subscription $3.00 (US) 



TOPSFIELD, MASSACHUSETTS 01983 
Othar countrlas: UKW BERICHTE, 6520 Ertangan, 
Glaiwltzar Strassa 45, Watt Garmany 
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CLEAN SWEEP month. The following items, 
all bargains offered as special “clean 'em 
out" prices. Some are one or few of a 
kind, some we just want to make room* 


MEMORY CORE PLANES 

Ultra compact memory core stack. Com¬ 
plete, perfect condition. Stack of ]8 planes 
wired, each plane 2040 cores (32x64). 
Only 2 stacks available.. $100 each 


50,000,000 LUMEN 
FLASHTUBE 

Brand new Sylvania flashtube and that's 
correct. 50,000,000 lumen output. This 
will make a “fantastic" psychedelic lighting 
effect. Spec sheet with each. $10.00 


AN/AflT f3 100 WATT XMTff 
11 CHANNELS 


Poor condition 
good for parts 


Collins Aulotune Ujnsmit- 
ter. extremely sUble and 
suited lor side band. Writ¬ 
ten up in Q5T Oct issue 
1953. 


TAPE PUNCH-READER TYPER 

$7,000 Remington Synchro Tape 
machine, 8 level. Includes console 
with punch mechanism, tape reader & 
electric typewriter. You type what you 
wish on plain copy paper, & at the 
same time, the tape punch unit in 
the console is making a duplicate on 
punched tape. You feed the punched 
tape into the reader section and out 
of the typewriter comes an exact 
duplicate of your original copy. At 
the same time you can also make 
another duplicate tape if desired. 
Make up mailing lists on punched 
tape or cards (punches tape or cards). 
You can then make original typed 
letters, etc*, as many as you wish, 
with only one typing . . , the punched 
tape does the work. We offer the com- 
plete machine: console with 8 level 
punch, 8 level reader, Remington 
electric typewriter. Removed in oper¬ 
ating condition but due to the price, 
we must sell them unchecked. Price 
includes crating, $150.00 


PDR-27 GEIGER COUNTER, m/roentgen 
scale. No batteries, unchecked. As is 

$15,00 

ARC-5 TRANSMITTER, exlnt condition, 3 
models as listed. Any one at $9,50 each. 
4-5.3 * * 5.3-7 * * 7-9 

ARC-5 RECEIVER, Q-5Y, one only, brand 
new with motor and rack $25,00 

BC-639 RECEIVER 100-156mc* good con¬ 
dition, with power supply & cables $75.00 

Excellent, w/calib. 

$75.00 

excellent, w/cafib, 
.. $65.00 

POWER SUPPLY Regatron, programmable 
modef 231, unchecked. 300 volt, 100 ma, 

$15.00 

4CX1000A tube, brand new $50.00 

RCA 5819 PHOTOMULTIPLIER, New $10,00 


Freq. Meter, 


We Nave a catalog . . . if you tend 25c for 
it, you'll get It someday* 

All moteriol FOB Lynn, Mast. 

Which moons, send postage. 

JOHN MESHNA, JR. 

PO Box £2 E, Lynn Moss* 01f04 
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DX-ARRAY 


NEW 20 ELEMENT 



144 mhz 220 mhz 432 mhz 

A breakthrough in VHF/UHF Amateur antennasl 
The new Cush Craft DX-Arrays combine the best 
yagi and colinear features into the World's most 
advanced amateur communication antennas. 
Realizing that the antenna is the most important 
part of your station, Cush Craft engineers have 
devoted two years of intensive development and 
testing to perfect DX-Array. DX*Array$ have al- 
ready established new records in Dx-ing and moon- 
bounce programs. 

Whatever your interest may be, ragchewing, con¬ 
tests, OX, or moonbounce, get in on the excitement 
of VHF hamming today with DX-Array. 

DX-l 20-144 mhz $29.50 

DX-220 — 220 mhz 22.50 

DX-420 — 432 mhz 17.50 


See your local distributor or write for complete 
specifications on these exciting new antennas from 
the world's leading manufacturer of UHF/VHF 
Communication Antennas. 



6? 1 A HAYWARD STREET 
MANCHESTER, N. H. 031C3 
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' A DIVISION OF 

nrr*s& International Electronic Systems, Inc. 

2B0 ARAGON AVENUE, CORAL GABLES, FLORIDA 33134 
305-444-6206 Cable: "INTEL" Export orders our specialty 


HIGHEST TRADES! NO ONE ANYWHERE will beat our 
deal! We will TOP any advertised or written price from any other 
dealer. We trade on both new and used equipment and we service 
what we sell. Instant credit on both new and used equipment. 
Master Card and General Electric revolving charge. Credit. 
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WANT MORE FOR YOUR MONEY? 


Then latch on to one of these FB Hallicrafters HT 46 transmitters before 
they're all sold! 

At our special price slash you're getting top performance and unbeatable 
value a bargain you can't afford to pass up. Rush your order in* now. 


73 ^il 'r¥arvU 4 QK 


W2AVA 


ON BRAND NEW 


famous HT-46 
5 band transmitters 


Plenty sold at $395.00 Amateur Net 

I 

■ 

While our supply lasts 

ONLY $ 250 . 

Complete, with full factory warranty 


ffiO Watts PEP SSB • 140 Watts CW • Selectable Sideband 
Internal AC Supply • Plug in VOX |$44.95 extra) • “Transceive" input 



HEADQUARTERS 
for all 

hallicrafters 
FINE EQUIPMENT 


Here you can save with 
safety* because we'lf top 
any Shop around 

first, then see us last. 


^•PROMPT ORDER DEPT.- 

We carefully pack and ship ham 
gear* accessories and parts to 
most any part of the world. 

Address your orders Ho; 

22 SMITH STREET 
Farmingdale, N.Y. 11735 

p|*«e include ,impr P mtugf (plus VI 
handling cosl wl(h orders under JIG.) 

Oft. PHONE YOUR ORDEftS TO 

ram e* 7-79?? or rsm 293-7990 




«•* 
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tfam s ° tt 

C l “HAM HEAOQU 


NEW YORK CITY 

8 Barclay St. 
(212) BArclay 7-7922 


JAMAICA, L. I. 

139-20 Hillside Awe. 
REpubliC 9-4101 


HEADQUARTERS. USA"<» 

FARMINGDALE, L. I. 

Route 110 at Smith St. 
(516)293-7995 
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COMDEL 

The Comdel Speech Processor, a unique device, providing a substantial 
advantage to a select number of hams, has been successfully sold by us for the 
fast six months. That it is an unqualified success can be verified by the typical 
testimony shown herewith. We have the Comdel Speech Processor rn stock 
for immediate delivery at the price of $120.00, postpaid within the continental 
United States. 

Other popular Comdel items are also handled, including the conserv* 
atively designed and constructed watt meter, scaled 0-15/150/1500 watts. 
This is the best VSWR combination watt meter available to the ham and at a 
new attractive price of only $73.00, also postpaid within the continental 
United States. 

Comdel is one of our finest suppliers, and we unhesitatingly recommend 
these two fine devices. Write for your literature today, or better strll, send 
in your order. 


HERBERT W. GORDON COMPANY 

Harvard* Massachusetts 01451 » Telephone 617 — 456 ^ 3548 

Pf Helping Hams to Help Themselves 5> 



COMPLETELY NEW... 

INDEPENDENT SIDEBAND TRANSMITTER 


VOICE, CW r TELETYPE, DATA.. * Simultaneously! 

Now . the first completely new and modern independent sideband transmitter in the tow priced field. The 
AEROTRON model 90/IST . . 150 watt PEP transmitter with more design and operating features than you would 
expect to find in equipment costing twice as much* 

The 90/IST is complete in itself* Utilization of ultra modern circuitry provides years of solid trouble free ser¬ 
vice tn addition, matched pairs of mechanical filters provide performance approaching laboratory standards for 
independent sideband transmission. The superior model 90/IST is the result of careful engineering and produc 
tion techniques developed in the award winning AEROTRON factory, 

• SIX CHANNELS (2.015.0 MC) * DIRECT, REMOTE OR PBX CONTROL • 150 WATTS, P,E.P. 

• VOICE/CW/RTTY * 115/230 VOLTS, 50/60 CPS • REMOTE CONTROLS, RECEIVER, LINEAR 
AMPLIFIER AVAILABLE. 


MANUFACTURER OF FM AND AM TWO-WAY RADIO. SSB AND ISB 
COMMUNICATIONS, CONTROLATOR FUEL CONTROL & DATA EQUIP¬ 
MENT, AMECO* HAM, CB AND SHORT WAVE LISTENING EQUIPMENT. 



A SUBSIDIARY OF AEROTRON, INC. 


WRITE FOR FREE LITERATURE. 


AEROTRON 



U.S- HIGHWAY 1, NORTH 
RALEIGH* NORTH CAROLINA 27608 










